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REACTIVITY OF ULTRAFINE-TiO, (ANATASE) 
POWDERS WITH BaCO, 


Yoko Suyama and Akio Kato 


The solid-state reaction between anatase-TiO2 powders with 
various particle-size distributions and BaCO;, was investiga- 
ted by means of TGA in O: and in CO). The reactivity of TiO> 
powders increased remarkably as the particle size grew 
smaller than 0.2 um. TG curves in CO; differed from those in 
O>. In CO2, a high reactivity was observed at around 620°C 
and the reactivity increased as the size of TiO2-particles de- 
creased. The beginning and completion temperatures of the 
reaction in CO, were higher by about 100°C than those in 
O>. The difference of TG curves between the two atmosphe- 
res was interpreted in terms of a layered interface model. 
The particle-size distribution curve of the BaTiO; powder pro- 
duced was parallel to that of the starting TiO. powder. 


PHASE RELATIONSHIPS IN THE SYSTEMS HfO>-La,O; 
AND HfO>-Nd,0; 


P. Duran 


Phase relationships were studied in the systems HfO2-La2O; 
and HfO.-Nd.O; at temperatures between 1,300°C to 
2,300°C. The formation of the pyrochlore structure com- 
pounds La>Hf,O- (a= 10.779 A) and Nd>Hf,O- (a= 10.629 A) 
was found. Limits were established for the range of the 
single-phase and two phase regions of the solid solutions ba- 
sed on HfO>, La>Hf.O;, Nd>Hf20;, La,O; and Nd>O3. Based 
on experimental evidence obtained by X-ray diffraction and 
using precision lattice parameters, phase diagrams for the 
systems hafnialanthana and hafnia-neodimia are suggested. 


TEXTURE AND SINTERABILITY OF MgO POWDERS 
R. Pampuch, Z. Librant and J. Piekarczyk 


Characterization of MgO powders obtained by thermal de- 
composition of spectrally-pure magnesium hydroxide, 
magnesium-ammonium carbonate, and magnesium oxalate 
at 350°-1000°C, in terms of the crystallite size, lattice micro- 
strains, and texture. The composition of the systems was 
checked by X-ray diffraction and IR-spectrography. The be- 
haviour during heating and the final microstructure of sinte- 
red ceramic bodies have been shown to be a function of the 
initial texture of the powders which is due to the different me- 
chanism of decomposition of the particular starting com- 
pounds. The results, supported by parallel observations of 


behaviour on heating of MgO derived from a well-oriented 
natural brucite, agree with the analysis of the initial stages of 
sintering published by Pampuch and !ater by Exner, Petzow, 
and Wellner. 


QUANTITATIVE USE OF GUINIER X-RAY CAMERAS IN 
SOLID STATE REACTION KINETICS 


D.E. Clark, G.J. Scott and L.L. Hench 


Monochromated Guinier-deWolff and Guinier-Lenne x-ray 
powder cameras and a scanning microdensitometer have 
been combined into a data system for the study of solid state 
reaction kinetics. Application of the room-temperature and 
high temperature cameras to both interface-controlled and 
diffusion-controlled kinetics is discussed. A graphical analy- 
sis method is presented. 


WETTING OF BARIUM HEXAFERRITE BY MOLTEN 
METALS 


A. Passerone, E. Biagini and V. Lorenzelli 


The interaction between molten metals and the sintered ma- 
gnetic oxide BaFe,2O,»9 has been studied in order to determi- 
ne its wettability. Pure copper, silver and silver-zinc alloys 
insofar as they are oxygen-active are the metals considered 
The pure metals do not wet the ferrite. Introduction of zinc in- 
to silver results in a strong interaction between liquid and the 
ferrite thus giving a marked decrease of the contact angle 
Coating the ferrite with an intermediate surface-active metal 
which forms a solid solution with the molten metal results in 
complete spreading if the temperature, time of contact and 
thickness of the deposited metal are adequately controlled 


EFFECT OF GLAZE ON STRENGTH OF HIGH-TENSION 
PORCELAIN 


M. Haberko and K. Haberko 


Seventy glazes of different compositions were applied to 
high alumina porcelain body. Reaction between a glaze and 
the body was studied. Three types of an intermediate zone 
were found. Phases crystallizing at the glaze- body contact 
were determined. In overlying glaze layers cristobalite and 
quartz grains were observed. No correlation was found bet- 
ween the type and thickness of the intermediate layer and 
tensile strength of the glazed test samples, but a strong cor- 
relation existed between cristobalite and quartz content in a 
glaze layer and the tensile strength of the glazed test sam- 
ples. 
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DEPENDENCE OF FRACTURE STRENGHT ON STRAIN- 
RATE IN POLYCRYSTALLINE ALUMINA 


R.L. Bertolotti 


Short Communication. 


CERAMIC GLAZES OPACIFIED WITH CaTiSiO; 
G. Biffi, G. Ortelli and P. Vincenzini 


Short Communication. 


CERAMICS AS NUCLEAR REACTOR FUELS 
K.D. Reeve 


Ceramics are widely accepted as nuclear reactor fuel mate- 
rials, for both metal clad ceramic and all-ceramic fuel de- 
signs. Metal clad UO, is used commercially in large tonna- 
ges in five different power reactor designs. UO; pellets are 
made by familiar ceramic techniques but in a reactor they un- 
dergo complex thermal and chemical changes which must 
be thouroughly understood. Metal clad uranium-plutonium 
dioxide is used in present day fast breeder reactors, but may 
eventually be replaced by uranium-plutonium carbide or nitri- 
de. All-ceramic fuels, which are necessary for reactors ope- 
rating above about 750°C, must incorporate one or more fis- 
sion product retentive ceramic coatings. BeO-coated BeO 
matrix dispersion fuels and silicate glaze coated UOQ>2-SiO> 
have been studied for specialised applications, but the only 
commercial high temperature fuel is based on graphite in 
which small fuel particles, each coated with vapour deposi- 
ted carbon and silicon carbide, are dispersed. Ceramists ha- 
ve much to contribute to many aspects of fuel science and 
technology 


TWINNING IN MONOCLINIC EUROPIUM SESQUIOXIDE 
C.F. Bilsby and D.A. Moore 


Fine lamellar structures and larger growth twins have been 
observed in dense sintered europia. Transmission electron 
microscopy has been used to demonstrate that these lamel- 
lae are also growth twins in the monoclinic Eu2O; crystals of 
composition plane (313) and (313), and twinning axis [101], 
and evidence for twinning on the (111) and (111) planes with 
the same twinning axis is presented. Cubic Eu20; detected 
by X-ray diffraction in trace quantities in the sintered Eu.O; 
was not detected by electron microscopy. 


THE MECHANICAL PROPERTIES AND DESIGN DATA 
FOR ENGINEERING CERAMICS 


R.W. Davidge 


This paper summarises some recent developments in under- 
standing the mechanical properties of ceramics from a mate- 
rials science viewpoint, and in the generation of design data 
for ceramics of direct applicability to engineering applica- 
tions. General recommendations for future research are ma- 
de 


HOT-PRESSING OF ACTIVE MAGNESIA 
R. Pampuch, H. Tomaszewski and K. Haberko 


isothermal hot-pressing of powders of active MgO formed by 
thermal decomposition of Mg (OH): at temperatures of 
500-700°C and pressures of 2000-2800 kgs/cm? yields tran- 
sparent polycrystalline MgO having densities close to theore- 


tical. A detailed characterization of the MgO powders before, 
during, and after hot-pressing and by an analysis of creep ki- 
netics allowed to indicate the probable dominant mechani- 
sms leading to densification. In systems consisting of crystal- 
lites having a strained lattice, densification during hot- 
pressing at 500°C appears to be due to a point-defect diffu- 
sion mechanism; this is possible at such low temperatures 
because vacancies become mobile in ionic crystals at 0.25 
Tm, i.e. at 770°K (500°C) in MgO, and their concentration is 
considerably increased in strained (stressed) crystallites in 
comparison with unstrained crystallites. Such a mechanism 
does not appear to occur in systems consisting of unstrained 
crystallites, either on hot-pressing at 500°C or at 700°C whe- 
re crystallite boundary sliding by dislocation glide/climb is 
more probable. A rearrangement of crystallites due to cry- 
Stallite boundary sliding, by dislocation glide/climb, as well 
as the lubricating action of traces of water may also contribu- 
te to the densification of the systems studied. Fragmentation 
does not contribute to the enhanced densification at the low 
temperatures of hot-pressing utilized in the present work. 


ON THE STABILITY OF REFRACTORY MATERIALS 
UNDER INDUSTRIAL VACUUM CONDITIONS: Al,0O;, 
BeO, CaO, Cr.0;, MgO, SiO2, TiO. SYSTEMS 


D. Beruto, L. Barco and G. Belleri 


The volatility and stability of refractory oxides, such as Al2O3, 
BeO, CaO, Cr2O;3, MgO, SiO and TiO, towards oxygen has 
been studied using data of standard free energy for the vapo- 
rization processes and the kinetic theory of gases. The ana- 
lysis has been made removing the congruence condition and 
examining the system’s behaviour in the monovariant re- 
gion. The results appear to be a useful tool in choosing the 
experimental strategy for getting simultaneous information 
on both volatility and stability towards oxygen. Some of the 
experimental data available in the literature on mixtures of 
oxides have been compared with ours, and the good qualita- 
tive agreement obtained will probably allow the application of 
Our approach also to commercial refractories. 


KINETICS OF PRESSURE-SINTERING AND 
GRAIN-GROWTH OF ULTRA-FINE MULLITE POWDER 


B.B. Ghate, D.P.H. Hasselman and R.M. Spriggs 


The kinetics of densification of high-purity, fine-grained mulli- 
te were studied by vacuum hot-pressing between 1470° and 
1620°C and 1000 to 6000 psi. Mullite could be readily pres- 
sure sintered to 0.988 relative density and to <1.5um grain 
size. After the rapid initial stage consisting of large scale par- 
ticle rearrangement, fragmentation and probably large scale 
grain boundary sliding, densification followed first order kine- 
tics. Based on the stress exponents (n= 2.0 to 1.3), diffusio- 
nal creep processes and non-Newtonian grain boundary sli- 
ding were thought to be the controlling mechanisms of densi- 
fication beyond ~ 0.85 relative density. The activation ener- 
gy for pressure sintering was found to be 163 + 22 Kcal/mole, 
whereas the activation energy for grain-growth was 182+45 
Kcal/mole. These high activation energies coupled with va- 
lues for the diffusion coefficients of sintering representative 
of Si * * suggest that the diffusion of the silicon ion was the ra- 
te controlling process during densification as well as grain 
growth. 


SINTERING BEHAVIOUR OF YTTRIA-STABILIZED 
ZIRCONIA POWDERS PREPARED FROM GELS 


K. Haberko, A. Ciesla and A. Pron 
An aqueous solution of ZrCl,; and YCl; was hydrolized with 


NH.,OH to obtain atomically homogenous coprecipitates. 
The coprecipitation process was quantitative if the pH of the 
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suspension was =9. On heating, the coprecipitates form 
ZrO -Y20; cubic solid solutions at very low temperatures 
(400°C for the ZrO.-6 mole % YO; composition). Powders 
obtained by calcination of the coprecipitates were extremely 
active: shrinkage began on heating to 450°C + 550°C, de- 
pending on the initial calcination temperature, and densifica- 
tion to a body of 95% theoretical density and maximum grain 
size of about 4 um was achieved by sintering at 1500°C. The 
influence of agglomerates in the starting powder on densifi- 
cation and the microstructure of the sintered body are also 
considered. 


OXIDATION OF FERROCHROMIUM POWDER IN 
PERICLASE OR MAGNESIOCROMITE 


S. Mrowec and K. Sloczynska 


TG, X-ray diffractometry, optical microscopy and X-ray mi- 
croanalysis have been used for kinetics studies on the oxida- 
tion mechanism of ferrochromium powder in the surrounding 
of magnesiochromite or periclase. It is shown that the tran- 
sport of the reactants is the rate determining step of the oxi- 
dation process, and that diffusion of oxygen in the gas phase 
is the predominant factor in the initial stage, whereas lattice 
diffusion becomes the rate determining step in the latter sta- 
ges. When the metal is dispersed in a non-metallic phase it 
has been found that the oxidation rate is faster and very sen- 
sitive to the nature of the dispersing medium. In oxidation 
processes considerable acceleration has been found when 
the dispersing medium reacts with the oxidation products. 


A COMMENT ON THE CHEMICAL EQUILIBRIUM IN THE 
BaCO,;-Ti0, SYSTEM 


Yoko Suyama and Akio Kato 


An equilibrium study was done on the following reactions: 
BaCO;+ TiO, (anatase)=BaTiO;+CO, [1]; BaCO;+ TiO 
(rutile) = BaTiO; + CO> [2]; BaCO; + BaTiO; = Bao TiO; + CO> 
[3]. The following reaction temperatures under 1 atmosphere 
of CO, were found: 530°+5°C [1], 650°+5°C [2] and 
1145°+3°C [3]. These temperatures are higher by 90° to 
240°C than those calculated from thermochemical tables. 
The discrepancies can be explained by assuming — 
296.5+1.0 kcal/mole for the heat of formation of BaCO; at 
298°K against — 290.7 kcal/mole given in the tables. 


PRODUCTION OF STABILIZED ZIRCONIA FOR USE AS 
A SOLID-STATE ELECTROLYTE 


M.J. Bannister and W.G. Garrett 


The production of stabilized zirconia for solid electrolyte use 
is reviewed. Topics covered include the phase systems of in- 
terest, the preparation of powders, calcination or prefiring, 
shaping, firing and the stability of the electrolyte in service. 
Special reference is made to the phase systems ZrO>-CaO, 
ZrO-Y20;3 and ZrO -Sc2O03, to the effects of stabilizers and 
impurities on electrical properties, to the influence of the 
powder preparation method on powder properties, to reac- 
tions which occur during calcination and final firing, to sinte- 
ring mechanisms and grain growth, and to the influence of 
impurities and agglomerates on fabrication. Alternative me- 
thods of fabricating electrolyte bodies are also considered. 


JOINING OF LANTHANUM CHROMITE AND ZIRCONIA 
CERAMICS 


Vu Tien, L.F. Cabannes and A.M. Anthony 


An experimental procedure allowing the joining LaCrO; cera- 
mic and stabilized ZrO» ceramic is described. Some micro- 


structural characteristics of the joints are presented. In the 
thin joining area, no chromium is observed, the porosity is 
low and the lanthanum concentrations are high, correspon- 
ding to the compound La2Zr20>. 


SOME USES OF ALKYL SILICATES IN REFRACTORY 
TECHNOLOGY 


H.G. Emblem 


The manufacture of alkyl silicates is outlined. Refractory bin- 
ders which do not contain fluxing agents can be prepared 
from alkyl silicates by hydrolysis and gelation. The method of 
making refractory shapes by the alkaline hydrolysis and ge- 
lation of ethyl silicate is given. Intricate shapes having good 
refractoriness and thermal shock resistance can be made to 
close dimensional tolerance. «Composite» and thermal insu- 
lating refractories can also be produced. Special uses of al- 
kyl silicates include the use of ethyl silicate in forming rigid 
shapes from ceramic fibres, producing dry-pressing mixes 
and the bonding of nitrides, borides and silicides. Some uses 
of aminoalkyl and chloroalkyl silicates are mentioned 
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BUBBLES IN CERAMIC SYSTEMS 
W.O. Williamson 


The genesis and properties of bubbles are discussed, with 
ceramic examples selected from aqueous suspensions 
and pastes, dried bodies, molten and congealed glasses, 
glazes and vitreous bonds, natural and synthetic crystalline 
materials, and fluidized beds. Bubbles influence ceramic be- 
haviour before, during and after firing, sometimes desirably, 
but often adversely. Most develop by heterogeneous nuclea- 
tion or by the entrapment of gases. Their expansion and mo- 
bility, or the mobility of their surfaces, induce flow in ambient 
liquids which may, for instance, accelerate the corrosion of 
refractories or produce glaze defects. Corrosion is accelera- 
ted also by the enhanced chemical reactivity and material 
transport at bubble surfaces. 


SUBSOLIDUS EQUILIBRIA IN THE PSEUDOTERNARY 
SYSTEM CaO-SrO-Fe:;0; 


E. Lucchini and G. Sloccari 


The phase relationships at 1100°C among the reaction pro- 
ducts of CaO, SrO and Fe20; were determined by the air 
quenching technique. Extended regions of binary solid solu- 
tions based on SrO-6Fe20;, 7SrO+5Fe.0;, 2CaO-Fe20; 
and a pseudobinary one adjacent to 2SrO+Fe,O; are formed 
The variable oxygen content of 2SrO-Fe,O; and 
3SrO-Fe2O; induces an extra degree of variance in the sy- 
stem. Based on experimental evidence obtained by X- ray 
diffraction, optical microscopy and titrimetric determination 
of Fe**, the phase diagram for the system CaO-SrO-Fe.0 
was derived. 


HIGHLY REFRACTORY OXIDE SYSTEMS CONTAINING 
OXIDES OF RARE-EARTH ELEMENTS 


L.M. Lopato 


The paper describes the interactions of rare earth element 
(REE) oxides with magnesium, calcium, strontium, and ba- 
rium oxides in a wide range of concentrations and tempera- 
tures from 1000 to 2450°C. The most typical binary phase 
diagrams found for these oxide systems are illustrated in the 
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paper. The existence of six types of compounds, i.e. 
MeLn,O-, MeLn.O.s, MesLnsgO;-, Me;LnyO0, Me2Ln2O;, and 
Me;Ln2O,, has been established. It has been shown that the 
compounds formed resemble other classes of compounds 
with REE oxide participation; this is demonstrated by spa- 
smodic property changes in a given series of compounds of 
a single type (process of formation, X-ray and petrographic 
characteristics) and by changes of the composition of the 
compounds. These facts indicate an appreciable role of the 
4f electrons of the REE atoms resulting in changes in the 
nearest environment of the REE atoms; in turn this leads to 
property and compositional changes of the compounds for- 
med and, hence, to variations of the type of phase diagrams 
in the La-Lu series. Phase transformation in REE oxides 
(1800°C) have been investigated and the regularities obser- 
ved in the effects of oxides of elements of the IIA subgroup 
on the transformations are discussed. The nature and kine- 
tics of decomposition of magnesium oxide-based solid solu- 
tions have been studied in the Sc»O;-MgO system. It is sug- 
gested that the regularities observed here may be valid for 
other oxide systems having a eutectic type of liquidus where 
the decomposition of the solid soiution occurs into the star- 
ting components or into solid solutions on their base, without 
formation of intermediate compounds. Theoretical calcula- 
tions of the phase-field boundaries of some types of phase 
diagrams of the systems studied have been carried out, as- 
suming ideal or regular solution models. 


MAGNETIC AND MICROSTRUCTURAL PROPERTIES OF 
SiO.-MODIFIED )-Fe.O; PREPARED IN A FLUID BED 
FURNACE 


G. Fagherazzi 


A method for minimizing the amount of micropores in 
+-Fe,O; acicular particles prepared from a-FeOOH is descri- 
bed. Reduction temperatures of a-FeOQOH to Fe;0, were em- 
ployed in the range of 340°C - 600°C, in the presence of 
0.5-2.0% silica, previously precipitated from a solution of 
Na»SiO: added to the reagent suspension. The improve- 
ment reached in the microstructural characteristics of 
SiO2-modified y-Fe2O; particles was clearly shown by means 
of electron microscopy. Three main advantages were achie- 
ved: i) a more compact bulk structure of the particles combi- 
ned with a drastic reduction of the number of micropores; ii) 
an improvement in the regularity and smoothness of particle 
shape; iii) a decrease of interparticle sintering. As a conse- 
quence, a Hc value of 375 Oe was achieved in a magnetic ta- 
pe containing SiO.-modified »-Fe2O;. The trends of intrinsic 
coercivity ;Hc and of specific surface Sgrr as functions of re- 
duction temperature are reported both for SiO.-modified +- 
Fe.0; samples and for pure ones. The temperature at which 
oxidation of Fe;0, to 7-Fe.O; takes place does not affect the 
properties of the product in the range 260°C-380°C. All runs 
were Carried out in a fluid bed furnace. 


SEM AND ELECTRON MICROPROBE OBSERVATIONS 
OF SOME PHENOMENA OCCURRING IN MAGNESIA- 
CHROME REFRACTORIES 


W. Piatkowski 


Scanning electron microscopy (SEM) and electric micropro- 
ble (EMP) were used to study some phenomena occurring in 
the production of magnesia and magnesia-chrome clinkers, 
with special reference to the sintering process and to the for- 
mation of secondary spinel phases. Transformations occur- 
ring during firing of chrome-magnesite bricks, especially the 
development of the so-called «direct bonds» have also been 
reported 


ONCE PRESSED SINGLE FIRED GLAZED FLOOR TILES 
T. Emiliani and G. Biffi 


A technological process is described for producing glazed 
red stoneware floor tiles, whereby the clay constituting the 
body is rendered partially compact in the press, a layer of 
glaze in powder form is subsequently placed thereon and 
both layers are pressed. This process for the production of 
material of a good quality is, both from an aesthetic and a 
technological point of view, suitable for application in a fully 
mechanized and automated cycle. The cycle envisages 
spray drying of the glaze and clay, the use of hydraulic or 
friction screw presses with suitably modified feeders for 
pressing, rapid or natural drying and firing either single layer 
or in saggers. The 20% loss in efficiency of the presses (the 
number of strokes per minute) is largely compensated 
through the abolition of glazing lines, the consequential sa- 
ving in the space taken up for the working area, the reduction 
in internal pollution and the fact that the entire production cy- 
cle is simplified. 


REFRACTORIES BASED ON LIME: DEVELOPMENT AND 
PERSPECTIVES 


F. Nadachowski 


CaO as a refractory shows specific high-temperature reac- 
tions, differing in some important aspects from those of ma- 
gnesia and even of doloma. Lime-carbon composites offer 
much promise with regard to corrosion resistance to the at- 
tack of ferruginous slags. There has been a considerable de- 
velopment of refractory lime technology over the post-war 
period, including in recent years the so-called salt-lime mate- 
rials of a wide range of properties. To secure future commer- 
cial manufacture, full advantage should be taken of the spe- 
cific merits of CaO, as well as of the possibilities of low-cost 
production. The most promising fields of applications seem 
to be: full-lime linings for making pure and alloyed steel, ce- 
ment rotary kilns, glass regenerators and roofs, lime kilns 
and some specialized installations. 


MAGNESIUM ALUMINATE SPINEL PRECIPITATION IN 
MgO 
C. Berthelet, W.D. Kingery and J.B. Vandersande 


Magnesium aluminate spinel precipitates forming in polycry- 
Stalline MgO containing 0.43 weight % Al and 0.031 weight 
% Al were examined by tramsmission electron microscopy 
after air quenching or rapid cooling. Precipitation in a variety 
of morphologies occurred at grain boundaries, low angle 
grain boundaries and dislocations. On reheating a virgin sur- 
face, precipitation occurs at temperatures above 730°C. 


FABRICATION OF TRANSLUCENT CERAMICS BY 
ISOSTATIC HOT-PRESSING 


M. Koizumi, K. Kodaira, Y. Ishitobi, M. Shimada and F. 
Kanamaru 


Hot isostatic pressing of BeO and Pb(Zro sTio.2)O3 was perfor- 
med using a glass as a pressure-transmitting medium in the 
range of 1000° to 1400°C for BeO and 700° to 900°C for 
Pb(Zro sTio. 2)O3 at 2 kb. Translucent bodies of these mate- 
rials with theoretical density were obtained. The present re- 
sults indicate that the hot isostatic pressing technique of 
glassed-sealed BeO and PZT has the following characteri- 
stics. (1) Sealing in an evacuated state is feasible using a 
glass container instead of a metal one. (2) Translucent sinte- 
red bodies with theoretical density can be obtained under 
conditions of low temperature and short pressing time at 2 
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kb. (3) Grains are uniformly distributed and their sizes are 
quite small. (4) The closed system and high pressure invol- 
ved in the present pressing technique permit sintering to pro- 
ceed without interference from vaporization or environmen- 
tal reactions. 


CRYSTALLITE GROWTH AND CHANGES OF SOME 
RELATED CHARACTERISTICS OF MAGNESIA 
OBTAINED BY THERMAL DECOMPOSITION OF BASIC 
CARBONATE 


N.A.L. Mansour 


The effect of decomposition temperature and soaking time, 
of magnesia prepared from basic magnesium carbonate, on 
crystallite growth, surface area, agglomeration and lattice 
parameter was investigated. X-ray line broadening was used 
to measure the crystallite size of the powdered samples; latti- 
ce parameter was measured from (200) peak and surface 
area was measured by areameter. The results have shown 
that crystallite growth is governed by the equation D* =kt, 
the activation energy equals to 27.5 Kcal/mole for temperatu- 
res up to 770°C and 66 Kcal/mole for higher temperatures. A 
minimum value for lattice parameter was observed at crystal- 
lite size of about 200A. They have also shown that the speci- 
fic surface area of the magnesia powder reached a limiting 
value at each decomposition temperature. This limiting value 
decreased rapidly with increasing the decomposition tempe- 
rature up to 770°C. At higher temperatures the decrease 
was very slight. 


EFFECTS OF RAW MATERIALS AND MIXING METHODS 
ON THE SOLID STATE REACTIONS INVOLVED IN 
FABRICATION OF ELECTRONIC CERAMICS 


T. Yamaguchi, S.H. Cho, M. Hakomori and H. Kuno 


Effects of raw materials and mixing methods have been stu- 
died in the solid state reactions in the systems BaCO;-TiO> 
and PbO-ZrO>-TiO>. it is shown that the dispersion and ag- 
gregation state of reactants are responsible for the formation 
of intermediate phases and also for the densification charac- 
teristics of PZT. Behavior of additives has been interpreted in 
terms of dispersion of reactant particles. 


HOT-PRESSING OF SOME PIEZOELECTRIC CERAMICS 
IN THE PZT SYSTEM 


V.L. Balkevich and C.M. Flidlider 


The effect of different hot-pressing regimes on the physical, 
dielectric and piezoelectric properties of low-coercive and 
high-coercive piezoelectric ceramics was investigated. Cera- 
mics with density approaching theoretical (98.3-99.5%) were 
obtained. Densification kinetics of piezoelectric ceramics we- 
re studied. It was concluded from the investigation results 
that the densification mechanism was of a complicated natu- 
re. Suitable choice of hot-pressing regime resulted in consi- 
derable improvement in the dielectric and piezoelectric pro- 
perties was 15-20% on average. High values for the electro- 
physical properties were obtained at sintering temperatures 
100-150° lower than those used in common annealing. It 
was observed that conditions giving maximum values for the 
electrophysical properties did not agree with conditions gi- 
ving maximum values for relative density: in spite of the den- 
sity increase there was a weakening of the piezoeffect at 
high pressure. 


DENSIFICATION CHARACTERISTICS OF ULTRAFINE 
POWDERS 


M. Hoch and K.M. Nair 


Ultrafine (< 100 A) and high purity (99.99%) powders of mul- 
lite (3 AlsO3-2 SiO2), Zyttrite” (Y20; stabilized ZrO), and 


alumina-zirconia (58 wt. % Al2O3) were prepared from appro- 
priate organo-metallic precursors. The materials were dried 
at 125°C and then calcined at 550°C for 14 to 3 hours and 
cooled in desiccators in order to minimize the absorption of 
moisture. The calcined mullite and Zyttrite® and noncalcined 
alumina-zirconia powders were isostatically pressed up to 
60,000 psi (4222.2 kg/cm?) and sintered at up to 1500°C 
using two different sintering pathways: (1) one-step sintering 
at up to 1500°C and (2) multi-step sintering (sintered at 
1100°C, cooled, resintered at 1300°C, cooled, and finally 
sintered at 1500°C). Results show that these ultrafine pow- 
ders sinter to 95% + theoretical density at 1500°C, irrespec- 
tive of sintering pathways. Sintered materials showed a uni- 
form grain size and change in the sintering pathways from 
one-step to multi-step has little or no effect on the grain size 
or microhardness. Surface reactivity of these powders is nei- 
ther diminished nor increased by variation in the sintering 
pathways and thus the densification is dependent mainly on 
the final sintering temperature. 


A NEW METHOD FOR ESTIMATING THE DRYING 
SENSITIVITY OF CLAYS 


V.P. Varlamov, L.A. Kroichuk and A.A. Toporkova 


Fourteen clays with different drying sensitivity were selected 
for developing a rapid method of estimation of their drying 
sensitivity. The clays were arranged in a series according to 
results of complex technological tests in a decreasing order 
of their drying sensitivity. It is proposed to determine only 
that portion of the losses that is released in the temperature 
range above the drying temperature, at 100-200°C in order 
to compare different clays as regards the interlayer moisture 
lost during drying. A relationship was found between the 
amount of moisture liberated at temperature up to 200°C, 


mineralogical composition and drying behaviour of clays 
Having determined the amount of the interlayer moisture at 
100-200°C, it is possible to quantitatively evaluate the con- 
tent of component adversely affecting the drying sensitivity 
and predict the drying behaviour of a given clay 


EFFECT OF ENVIRONMENT ON FRACTURE OF 
CERAMICS 


S.W. Freiman 


This paper reviews the important work to date describing the 
effect of environment (particularly H2O) on the fracture beha- 
vior of glasses, single crystals and polycrystalline ceramics. 
It is shown that since the environment predominantly affects 
rates of crack propagation, fracture machanics techniques ha- 
ve proved useful in describing the phenomenon of «stress 
corrosion» in ceramics. Models describing the environment - 
crack interaction are presented and mechanisms of crack 
propagation are discussed. The temperature dependence of 
«Stress Corrosion» in ceramics is described and the effect of 
plastic deforcation on a material’s environmental sensitivity 
is briefly discussed. Finally, future research topics are sug- 
gested. 


SUBSOLIDUS EQUILIBRIA AND KINETICS OF 
DECOMPOSITION OF SOLID SOLSUTIONS IN THE HfO 
(ZrO.-MgO) SYSTEMS 


A.K. Kuznetsov, P.A. Tikhonov, m.V. Kravchinskaya and 
E.K. Koehler 


The subsolidus equilibrium diagram in the HfO2-MgO system 
has been constructed and contains a eutectoid point similar 
to the ZrO.-MgO system. A comparative study of the stabili- 
ties of solid solutions of MgO in HfO2 and in ZrO: has been 
made. The difference in phase stability of the solid solutions 
in the temperature range 1300 to 1450°C is due to the diffe- 
rence of eutectoid temperatures in the two systems. The me- 
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chanism and kinetics of decomposition of the HfO2-MgO so- 
lid solutions have been studied. The decomposition process 
of solid solutions in this system and in the ZrO2.-MgO system 
is a particular case of the wide-spread type of eutectoid de- 
composition which is governed by the laws of eutectoid equi- 
libria. The decomposition of the cubic solid solutions in both 
systems proceeds in two steps. 


THERMODYNAMIC ANALYSIS OF THE 
HIGH-TEMPERATURE STABILITY 
OF SILICON NITRIDE AND SILICON CARBIDE 


S.C. Singhal 


A thermodynamic analysis of the stability of SisN, and SiC is 
presented which can be employed to assess their suitability 
for use at high temperatures in various environments. Speci- 
fically, the decomposition and the volatilization of SisN4 and 
SiC, and of SiO>, which is the major constituent in the oxide 
scales formed on their surfaces in oxidizing atmospheres, 
are discussed in terms of ambient environment and tempera- 
ture. The calculated values of the lowest oxygen partial pres- 
sure up to which a protective SiO. layer should be maintai- 
ned on the surface of SisNs and SiC are also presented. 


THERMAL CRYSTALLIZATION OF CORDIERITE GLASS 
POWDER WITH PLATINUM AS A NUCLEATING AGENT 


A. Negro, M. Murat and F. Sassi 


Cordierite glass powder, synthetized with 100 ppm platinum 
as a nucleating agent, were preheated at different tempera- 
ture from 600 to 900°C for different times (up to 5 hours) and 
were Studied by X-ray diffraction, differential thermal analy- 
sis, scanning electron microscopy, and IR absorption spec- 
troscopy. The low content of platinum promotes, during pre- 
heating, phenomena which do not take place in the case of 
the pure glass, essentially nucleation of metastable ,- 
cordierite with low preheating temperatures, and crystalliza- 
tion of u-cordierite followed by crystallization of a-coriderite 
when both the temperature and time of preheating become 
higher 


MECHANICAL AND THERMAL PROPERTIES OF 
BOEHMITE BONDED ALUMINA BODIES 


K.S.E. Forssberg 


The paper describes the fabrication and the properties of 
boehmite bonded alumina shapes. The term boehmite bon- 
ding refers to the utilization of steam cured reactive alumina 
as an intermediate binder in alumina shapes. Bodies were 
prepared by mixing tabular alumina. After drying the shapes 
were treated in an autoclave at around 200°C and saturated 
steam pressure. During steam treatment the reactive alumi- 
na is converted to boehmite, y-Al2O;-H2O. Cold crushing 
strength figures up to 1200 kp/cm* have been obtained. Re- 
lations between mechanical properties and porosity have 
been examined. The paper gives details on reaction kinetics 
of the formation of boehmite as well as the dehydration of 
boehmite at around 500°C. Boehmite dehydrates to j- 
alumina at 500-520°C. Due to the high reactivity of the so for- 
med y-alumina, ceramics bonds are formed at low tempera- 
tures. Therefore the conversion from boehmite to y-alumina 
is followed by only a slight decrease of the strength. The de- 
hydration process has been followed by means of surface 
area and pore size distribution measurements and X-ray dif- 
fraction and DTA-TGA investigations. The boehmite bodies 
have been subjected to normal refractory testing procedures 
i/e hot modulus of rupture, Youngs modulus, creep, refracto- 
riness under load, resistance to slag attack and spalling. The 
testing shows that the boehmite bonded ceramics have re- 


fractory properties comparable with those of normal fired 
chemically bonded bricks. The boehmite bonding method 
have also been tested on aluminosilicate, i/e cyanite, with 
good results. Possible applications of the method are discus- 
sed in the paper. 


CERAMIC COMPOSITE MATERIALS BASED ON 
REFRACTORY OXIDES WITH NITRIDE AND 
OXYNITRIDE BONDS 


J. Gusman 


Some problems concerning the synthesis, structure and pro- 
perties of products R,Om-Si;N4 (or SixON>) obtained by reac- 
tion sintering have been investigated. Al,O;, MgO, ZrO. and 
others were used as R,O,. It was demonstrated that the na- 
ture of the bonding material, in particular when nitride (or 
oxynitride) bonds are used instead the oxide ones, radically 
influences many properties such as the thermal expansion, 
modulus of elasticity and thermal stability. In particular, the 
thermal expansion coefficients of the nitride and oxynitride 
bonded materials are generally controlled by that of the bond 
rather than that of the oxide. 


SEMICONDUCTING BARIUM TITANATE FILMS BY A 
MODIFIED DOCTOR BLADE METHOD 


Masayuki Nagai and Hiroaki Yanagida 


Nonporous and dense semiconducting barium titanate films 
were obtained by a modified «doctor blade» method. The cal- 
cined semiconductive powders were dispersed into a poly- 
styrene film. After decomposing and evaporating the organic 
vehicle, the powders left on the plate were pressed into the 
polystyrene film. Then, primary sintering was achieved and 
followed by sintering in various conditions. Thinner films con- 
sisted of single grains perpendicular to the direction of the 
film, thicker films had grain boundaries inside the film along 
the same direction. The films had a resistivity of 107 ~ 10° 0 - 
cm at room temperature. The positive temperature coeffi- 
cient of resistivity was at least three orders of magnitude on 
properly sintered films. 


THE TECHNOLOGY AND PROPERTIES OF FIBRE 
REINFORCED CERAMIC COMPOSITES 


R.W. Davidge 


Over the last decade a number of factors have contributed to 
the rapid development of a new class of material - fibre rein- 
forced ceramics. Important factors include: a demand from 
materials users for ceramics with improved engineering pro- 
perties; the availability of new fibrous materials for reinforce- 
ment; the development of fabrication techniques for compo- 
site production; and an improved understanding of the fun- 
damental factors controlling the mechanical properties of the 
composites. Materials discussed range from those already in 
use such as asbestos or glass reinforced cement, to re- 
search materials for intermediate and high temperature use 
such as carbon fibre reinforced glasses and silicon carbide 
reinforced silicon nitride. Fabrication methods, and actual or 
potential applications are outlined. The properties of ceramic 
based composites differ from those of metal or plastic com- 
posites in that the matrix fails by fine scale cracking before 
the reinforcing fibres break. Nevertheless, useful increases 
in both strength and stiffness can be obtained in particular 
systems. More spectacular increases, of several orders of 
magnitude, in fracture energy are obtained by reinforce- 
ment. In this way the significance of the brittleness of cera- 
mics is diminished which makes the greater engineering use 
of ceramic composites more likley. 
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PbTiO;-PbZr0;-In(Li;,;W2/;)O; PIEZOELECTRIC 
CERAMICS FOR SURFACE WAVE FILTERS 


N. Ichinose, T. Takahashi, Y. Yamashita and H. Iwasaki 


Piezoelectric ceramics with a low-temperature coefficient of 
surface wave velocity have been obtained in the ternary sy- 
stem PbTiO;-PbZrO;-In(Li3,;sW2/s;)O3 with a small amount of 
MnO. The surface wave velocity temperature coefficient of 
the typical compound is 18 ppm/deg from -30° to 20°C and 
-3 ppm/deg between 20° and 80°C. Surface wave velocity is 
2273 m/sec and propagation loss is 0,04 ~ 0,05 db/d at about 
22 MHz. Surface wave properties in this ternary system are 
suitable for surface wave devices, such as TV-PIF filters. 


MECHANISMS OF DENSIFICATION DURING THE 
PRESSURE SINTERING OF ALPHA-SILICON NITRIDE 


L.J. Bowen, R.J. Weston, T.G. Carruthers and R.J. Brook 


Data obtained during a study of the hot-pressing of hig purity 
a-silicon nitride, to which MgO was added as a sintering aid, 
are used to illustrate the use of available hot-pressing equa- 
tions in attempting to identify the mechanism of densifica- 
tion. The shortcomings of using these in their integrated 
forms, as is customary, are pointed out. The processes of li- 
quid phase (solution-reprecipitation) sintering and surface 
diffusion controlled (Coble creep) sintering are seen to differ 
only in the nature of the grain boundary phase; differences in 
the form of the equations for these processes lie in the geo- 
metries chosen for their derivation. The use of the differential 
form of the Coble intermediate stage sintering equation ena- 
bles the linear relationship between MgO content and densi- 
fication rate at constant density to be explained in terms of 
the thickness of the magnesium silicate boundary layer. Va- 
lues of the diffusion coefficient of the rate controlling species 
in the boundary layers as a funcion of temperature are calcu- 
lated. 


MICROSCOPIC STUDY OF PORE STRUCTURE 
J. Piekarczyk and R. Pampuch 


The relative merits of optical microscopic methods in study 
of the pore structure of some ceramic materials (mainly gra- 
phite) are discussed on the basis of comparison of the re- 
sults of this method with those from other current methods, 
such as apparent and true density measurements and mer- 
cury high-pressure porosimetry. A modified microscopic me- 
thod has been developed in which direct replicas of polished 
sections are examined under an interference-polarisation mi- 
croscope and indirect replicas under the electron microsco- 
pe. In this method the main drawbacks of the microsopic me- 
thod are suppressed to a great degree. In cases of materials 
containing pores of an irregular shape and of wide size distri- 
bution, such as the graphite studied, the optical microscopic 
method has many advantages in comparison with other me- 
thods when the random and systematic errors of this method 
are properly recognised and suppressed. The cumbersome 
evaluation of the microscopic images and/or photomicro- 
graphs may sometimes be avoided by using the image analy- 
sing computer but the latter proved to be of a lower accuracy 
in the case of the graphite studied. 


INVESTIGATION ON FORMATION AND BEHAVIOUR OF 
THE PHOSPHATE BONDING IN ELECTROFUSED MgO 


M. Gasi¢ and F. Siguiinski 


Formation of the phosphate bonding in electroftused MgO by 
addition of ammonium and Mg phosphates was investigated 
and formation of amorphous compounds has been found. On 
heating these compounds undergo almost identical changes 
what leads to the conclusion that chemical properties of the 


phosphate anion play essential role in this bonding reaction 
which does not depend to the same extent on the present ca- 
tion. In the present work zero shrinkage sintering was obser- 
ved. However, porosity substructure considerably changed 
during sintering. Electron microprobe analyses have shown 
that phosphate compounds concentrate at the grain bounda- 
ries. Phosphorus is present in MgO even after heating at 
1660°C but it is no more continuously arranged at the boun- 
daries of periclase grains. 


ANALYSIS OF DYNAMIC FUSION PHENOMENA OF 
CERAMIC AND METALLIC POWDERS INJECTED INTO A 
ARGON PLASMA-JET 


G. Perugini 


Plasma-spray experiments have been carried out to study 
the velocity of Al, Al,O;, and W powders (mean size: 45 um) 
at a distance of 5.65 cm from the nozzle. The experimental 
set-up is descibed. The profile of velocity and kinetic energy 
(of each powder in each of the several trajectories of the 
spray-projection) along the distance between the intercept 
point (in the flame axis) and the receiving surface has been 
calculated. The calculations have been developed on the ba- 
sis of the experimental results and on the assumption of a 
uniformly decelerated flight of the particles under a Stoke- 
sian regime. Impact heat, together with the heat necessary 
to melt the injected powders are the other paramenters exa- 
mined. From the obtained data useful considerations are 
drawn for good operative procedures in order to obtain high- 
quality coating. 
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ADVANCES IN CERAMIC HOT FORMING AND 
PRESSING: THEORY AND PRACTICE 


M.R. Notis 


Advances in the understanding of the hot forming of ceramic 
materials and the mechanisms of sintering during the 
intermediate and final stages of densification during hot 
pressing are reviewed. The available diffusion and plastic 
flow models are critically examined and approaches to the 
development of quantitative multimechanism models for hot 
pressing are discussed. The effects of grain growth and 
grain boundary sliding in a porous body are described. Re- 
cent developments related to the interpretation of pressure- 
sintering kinetics through the use of «densification mechani- 
sm maps» are outlined. Technological advances that have 
recently been made in relation to fabrication by hot forming 
and by hot pressing are described. These include the pro- 
duction of large area-high transparency ceramics for optical 
applications, the development of controlled microstructure 
and improved properties in magnetic materials, and the pre- 
paration of hotpressed Si;N, materials for ceramic turbine 
applications. Finally, significant areas for future study, where 
either fundamental understanding or technological develp- 
ment limit present capabilities, are considered 


SUBSOLIDUS PHASE RELATIONSHIPS IN THE SYSTEM 
BaO-CaO-Fe> O; 
G. Sloccari and E. Lucchini 


The phase relationships at 1100°C among the reaction pro- 
ducts of BaO, CaO and Fe20; were determined by the air 
quenching technique. Two binary solid solutions are formed, 
one between barium hexaferrite and a hypothetical calcium 
tetraferrite and another pseudobinary one adjacent to 
2BaO -Fe20;. Based on experimental results obtained by x- 
ray diffraction, optical microscopy and titrimetric determina- 
tion of Fe**, the 1100°C isothermal section for the system 
BaO-CaO-Fe:20O; was derived. 
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SOME REACTIONS OCCURRING IN LIME 
REFRACTORIES CONTAINING CALCIUM CHLORIDE 


F. Nadachowski, T. Rymon-Lipinski and M. Janiec 


Refractory products made from CaO-CaCl, mixtures precal- 
cined at low temperatures have shown a specific volume sta- 
bility on further firing to 1500°C and higher, in contrast to 
phenomenon was studied using simplified systems, inclu- 
ding their equivalents of pure CaO, MgO, or MgO-CaClh. 
This phenomenon was studied using simplified systems, in- 
cluding some additives specially chosen; an explanation is of- 
fered based on shrinkage data and the observed develop- 
ment of a unique microstructure, resulting from an early for- 
mation of a reactive liquid as well as gas evolution effects. The 
non-shrinking behaviour of the so-called calcite brick (made 
from ground limestone masses containing CaCl;) is also dealt 
with 


EUROPIA CERAMICS FOR USE AS FAST REACTOR 
NEUTRON ABSORBERS 


J.B. Ainscough, D.A. Moore and S.C. Osborn 


The development of a fabrication route for europia, which is 
one of the few materials suitable for use as a neutron absor- 
ber in Fast Reactor control and shut-off rods, is described. 
The route is based on cold pressing and sintering with the 
most important stages being the control of powder surface 
area and of sintering atmosphere. An account is given of the 
various batches of dense sintered europia artefacts which 
have been prepared for experimental purposes and for irra- 
diation testing with particular emphasis being given to the 
production of 12,000 pellets and a small number of relatively 
large square plates for a zero energy irradiation experiment. 
Difficulties encountered during the manufacture of the plates 
and the way in which they were overcome are also discus- 
sed 


THE INFLUENCE OF STARTING MATERIAL 
CHARACTERISTICS ON THE PROPERTIES OF 
HIGH-POROSITY FORSTERITE BRICKS 


/. Stamenkovic and F. Sigulinski 


In order to follow the interdependence between cha- 
racteristics of raw materials and properties of low bulk densi- 
ty bricks several sample series on forsterite basis were ma- 
de. The starting powders we employed in the brick produc- 
tion were dead-burned magnesite and dunite having diffe- 
rent physico-chemical properties: impurity content, granula- 
tion, crystal structure and other relevant parameters. Using 
the cold and vibro pressing and sintering techniques bricks 
of total porosity 44% and 70% were produced. The bricks 
contained predominantely macropores having various sha- 
pe: spherical, irregular and elongated. The relationship ob- 
tained between powder granulation, mineral and chemical 
composition and thermal conductivity, gas permeability, 
thermostability, mechanical and other properties were di- 
scussed 


THE ADAPTATION TO SPACE APPLICATIONS OF A 
2000°C FURNACE IN AN OXIDIZING ATMOSPHERE 


A.M. Anthony, K. Dembinski, J.L. Dunand, L. Dupont and 
R. Mottu 


Materials Science in Space requires furnaces for high tem- 
perature designed to minimize the electrical power con- 
sumption. This experimental work demonstrates that it is 
possible to reduce the energy consumption within a furnace 
using a zirconia heating element working up to 2000°C in an 
oxidizing atmosphere. The time to reach this temperature is 
less than 1 h and the energy consumption at 2000°C for a 
hot zone of 20 mm diameter and 30 mm height is + 350 W. 


SYNTHETIC RAW MATERIALS FROM BENTONITE AND 
CONCENTRATED SALT SOLUTIONS 


P. Reynen and M. Faizullah 


Synthetic raw materials are successfully applied in the fields 
of electrical and special ceramics but are still unusual in sili- 
cate ceramics, because the quality improvement does not 
yet justify the higher costs. A review is given of possible ways 
to synthesize mullite and cordierite on a large production 
scale. One of these methods using bentonite and concentra- 
ted Al» (SO;); and MgSO, as precursors was used to make 
larger quantities of powder (mullite and cordierite) by a spray 
drying process. These powders, heat treated at 1200°C have 
fully reacted to mullite and cordierite. The ceramic properties 
(pressing, slip casting, sintering) of these materials have 
been investigated. 


MORPHOLOGY OF SILICON CARBIDE FORMED BY 
CHEMICAL VAPOUR DEPOSITION 


R. Pampuch and L. Stobierski 


Silicon carbide polycrystalline layers and particulate crystals 
were obtained in a modified van Arkel-de Boer apparatus on 
SiC-covered graphite and molybdenum susceptors. Ga- 
seous SiCl; +CCl; +H» reactive mixtures with Si/C mole ra- 
tios varying between 0.9 and 1.4 and with Cl/Cl + H ratios va- 
rying between 2.10 ° and 1.10 * were used. The morpholo- 
gy and structure of SiC products obtained at temperatures 
between 1400 and 1900°C and input gas flow rates between 
5.10 * and 6.10 * moles per hour have been systematically 
investigated by scanning electronmicrographs, x-rays (using 
the Laue, Weissenberg, and rotation photographs), IR- 
spectra, and under the polarising microscope. The ranges of 
temperature and input gas flow rates in which the given ha- 
bits and forms of the SiC products are formed have been as- 
sessed. The habits of the particulate crystals as function of 
temperature have been interpreted in terms of the existing 
theories of heterogeneous nucleation assuming layer growth 
of the crystals by two-dimensional nucleation. The influence 
of the composition of the gaseous mixtures upon the forma- 
tion of the 2H polytype as well as the probable reasons for 
the common occurrence of stacking fault twins in the 3C po- 
lytype have been discussed. 


VACUUM SINTERING OF TRANSPARENT 
PIEZO-CERAMICS 


K. Nagata, H. Schmitt, K. Stathakis and H.E. Muser 


Transparent PLZT ceramics were fabricated by a new vacuu- 
matmosphere sintering method combining vacuum sintering 
and atmosphere sintering. Cold pressed powders were first 
sintered in vacuum for 15-30 minutes at 1150-1180°C and 
then heated in air for 60-90 hours with atmosphere powder. 
By this process, highly transparent PLZT ceramics were ob- 
tained. The production of nearly colourless small grain-size 
samples is possible. 


REACTION SINTERED MgAI,0, BODIES FROM 
DIFFERENT BATCH COMPOSITIONS 


E. Kostié and i. MomGilovic 


Sintered MgAI.O, bodies were obtained from batches of spi- 
nel (60%, 80% and 90%) and oxide powder mixtures. The 
density and microstructural characteristics of sintered sam- 
ples, and the open porosity level at 1600°C to 1800°C were 
influenced by the starting batch composition. The densifica- 
tion of batches containing partially synthesized spinel pow- 
ders with addition of CaO and SiO, mixtures was enhanced. 
With CaO and SiO> present, the densities after 1600°C were 
equal to those after 1800°C, without additions. Differences 
of densification path were also observed for batches contai- 
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ning additive as the spinel phase content varied. These diffe- 
rences were especially evident at lower temperatures. It was 
found that liquid phase intensified grain growth at lower tem- 
peratures. 


STUDY OF THE BEHAVIOUR OF ZINC OXIDE IN 
DIRECT-ON ENAMELS 


A.M. Vogels, R. Derie and M. Ghodsi 


The properties of direct-on enamels obtained by replacing 
TiO2, totally or partially, by ZnO have been studied. The first 
experiments were made with a frit containing 20 wt% ZnO in 
place of TiO2, the other constituents being the usual ones. 
The optimal fusion temperature of the frit was 1150°C: this 
shows that ZnO acts as a flux (the normal fusion temperature 
is about 1200°C). Decarburised steel sheets were enameled 
using this ZnO-frit, for various firing time at 800°C. The bin- 
ding strength, estimated with an adherence-meter, was sati- 
sfactory, but the coats were translucent. The incorporation of 
several colouring agents has been tested. Opaque enamels 
of good adherence have been obtained by replacing only a 
fraction (up to 70%) of TiO. by ZnO. The interface reactions 
have been studied, in each case, by means of the electron 
microprobe, the scanning electron microscope and X-ray dif- 
fraction. The irregular, corroded-like appearance of the inter- 
face may be attributed to the formation of an FeO layer on 
the support, during the heating period, and to the subse- 
quent dissolution of this layer in the fused coat. A compound 
is formed at the interface, which contains essentially iron, si- 
licon and zinc oxides. It has been identified by X-ray diffrac- 
tion as a willemite-type solid solution. The fact that willemite 
Only appears at the interface led us to study the influence of 
FeO on the formation and crystallization of this compound. 
One may reasonably think that this willemite formation pro- 
motes adherence. 


PORCELAIN FOR FAST FIRING 
H. Moertel 


Fast-fired porcelain may be produced by use of raw materials 
with very small particle sizes. Firing times of two hours were 
obtained. Especially the quartz must be very fine so as to 
change to cristobalite during fast firing. The casting slips 
show thixotropic behaviour, but with suitable deflocculants 
these difficulties may be overcome. There are also no se- 
rious problems with dry and wet pressing. The firing cycle 
was as follows: heating up to 1300°C (1 hour) constant tem- 
perature at 1300°C (40 min) rapid cooling to 750°C (5 min) 
followed by coolin to 500°C (10 min). The microstructure of 
this porcelain is unusual; it consists of a glassy matrix contai- 
ning spherical mullite. It has outstanding properties: high 
strength combined with high thermal shock resistance. Its 
transparency and whiteness equal those of hig quality stan- 
dard porcelain. This porcelain should also be of interest for 
technical applications. 


METAL-BARIUM HEXAFERRITE COMPOSITES AS 
PERMANENT MAGNETS 


G. Asti, P. Cavallotti and R. Roberti 


Barium ferrite powders have been coated with a thin layer of 
a cobalt phosphorus or nickel phosphorus alloy by chemical 
reduction from aqueous solutions with hypophosphite, after 
the usual sensitization-activation pretreatments. The opera- 
tion parameters of the deposition baths have been varied to 
modify the phosphorus content, the morphology and crystal- 
lographic structure of the coating, pointing out their influence 
on the magnetic and mechanical characteristics of the com- 
posites. The utilization of slurry electrodes has shown the 
possibility of producing composites of barium ferrite with va- 
rious metals, such as cobalt, nickel, iron, copper and zinc by 


electrochemical treatments. The different powders produced 
with these new methods have been compacted and sintered 
at several temperatures; the influence of the thermal treat- 
ment on the characteristics of the produced magnets is poin- 
ted out. Encouraging results have been obtained, showing 
the possibility of producing magnets with improved magnetic 
and/or mechanical characteristics. 


CRYSTALLITE GROWTH OF A SODIUM BETA-ALUMINA 
POWDER DETERMINED BY X-RAY LINE BROADENING 


A. Bellosi and P. Vincenzini 


Short communication. 


THE SUBSYSTEM BaO.6Fe>0;-«CaO. 4Fe,0>»- 
SrO.6Fe,0; 


G. Sloccari, E. Lucchini and G. Asti 


Short communication. 


THE SYNTHESIS, COMPOSITION AND PROPERTIES OF 
PELLYITE: Ba,Ca(Mg, Fe°* , Zn, Co)> Si,O;- 


F.P. Glasser and J. Marr 


Pellite, BaxCa(Mg, Fe’ * , Co)2 SisQ,7, is a framework silicate 
containing three essential divalent ions. It is readily synthesi- 
zed oither by sintering or by devitrification of appropriate 
glass compositions. It occurs in nature as the mineral pellyi- 
te, which has Fe“* >Mg°*. Natural and synthetic phases 
are, however, isostructural; the synthesis of Mg** , Zn?* and 
Co** phases has been achieved. The synthetic Mg, Zn and 
Co phases melt congruently at 1177°, 1114° and 1121°C re- 
spectively. Indexed powder X-ray data are given. Ba may be 
partially replaced by Sr or Pb; Be may be substituted in tetra- 
hedral sites. 


DENSIFICATION OF TiO, BY HOT PRESSING 
S. Pejovnik, D. Susnik and D. Kolar 


TiO, was hot pressed to nearly zero porosity at 1200°C and 
300 kp/cm’. The influence of various +2, +3 and +5 valent 
dopants was analyzed and it was concluded that oxygen va- 
cancies are the predominant type of defect in slightly under- 
stoichiometric rutile. An analysis of possible deformation me- 
chanisms indicated diffusion mechanisms to prevail in hot 
pressing of rutile. 


THERMODYNAMIC AND GEOMETRIC 
CONSIDERATIONS OF SOLID STATE SINTERING 


Carl E. Hoge and Joseph A. Pask 


Thermodynamic analysis of model sintering systems indica- 
tes that the minimum free energy configuration is represen- 
ted geometrically by interpenetrating spheres of increasing 
size with no neck formation. The dihedral angle formed at the 
grain boundary increases as densification proceeds; the limit 
is the equilibrium angle determined by the ratio of the so- 
lid/solid and solid/vapor interfacial energies for the system 
An intermediate free energy configuration favored by kinetic 
factors is the formation of a neck at grain/grain contacts with 
an equilibrium dihedral angle; the resulting reverse curvatu- 
re in the surfaces of the particles provides the driving force 
for densification in this case. Conditions and mechanisms 
under which both configurations develop are discussed and 
are illustrated by experiments on MgO powder compacts that 
densify considerably more rapidly in flowing water than in 
Static air. 
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MICROWAVE DIELECTRIC MATERIALS IN THE SYSTEM 
(Sr, -, Ca,){(Lis/4 Nbs/s); ~, Tiy}Os 
N. Ichinose, T. Mizutani, H. Hiraki and H. Ookuma 


Dielectric properties of ceramics in the system (Sri -x 
Ca,){(Lij 4 Nb34); -, Tiy}O3 were investigated. In the compo- 
sition range O<x and y<0.12, dielectric permittivities and 
their temperature coefficients can be varied from 38.2 to 45.8 
and +30 to —70 ppm/°C, respectively. In many composi- 
tions, zero temperature coefficient of permittivity has been 
found. A typical compound has the following properties at X- 
band frequency (9 GHz): K=42.3, 1/K-dK/dT=0 ppm/°C 
and Q, = 3500. 


DEFORMATION PROCESSES DURING HIGH 
TEMPERATURE CREEP OF LIME, iWAGNESIA AND 
DOLOMA 


J.A. Coath and B. Wilshire 


For single-phase lime and magnesia and also for two-phase 
doloma (consisting essentially of a dispersion of MgO cry- 
Stals in a lime crystal matrix), the creep rate, ¢, varies with 
stress, 0, and temperature, T, as 


é=Ao" exp (—Q,/RT) 


where A and n are constants and Q. is the activation energy 
for creep. The creep properties of doloma appear to be deter- 
mined by the deformation behaviour of the ductile lime ma- 
trix. Stress change experiments during creep indicate that, 
over the stress ranges examined for these materials, the 
rate-determining process during creep is the recovery- 
controlled generation and movement of dislocations. The 
transition from a stress exponent, n, in the range 3 to 5 at 


high stress levels to a value near unity at low stresses is then 
associated with a rapid increase in the contribution of grain 
boundary sliding to the overall creep strain. 


SERICITE CLAY AS A RAW MATERIAL FOR THE 
FABRICATION OF WHITEWARE BODIES 


J. Espinosa De Los Monteros, M.A. Del Rio, R. Martinez 
Caceres, D. Alvarez-Estrada and V. Aleixandre 


The possibility was investigated of obtaining porcelain 
bodies using a sericitic clay, whose fundamental cha- 
racteristics are to form a very reactive glassy phase, to have 
an exceptional firing range and a very fine grain size, and a 
tendency to produce bodies with a very high mullite content 
at low temperature. The second aim was to obtain porcelain 
bodies at low firing temperatures with a high flexural strength 
and large mullite content using only the above-mentioned 
clay, alumina and a small and constant amount of feldspar. 
To cover different porcelain types, both silicious and alumi- 
nous, eight compositions were formulated and fired between 
1200°C and 1320°C and the technological properties, micro- 
structures, phases, etc., were studied. For comparison with 
the results obtained with the new compositions, two indu- 
Strial porcelain bodies were formulated and studied at the sa- 
me time under the same conditions. The paper shows the 
possibility of obtaining porcelain bodies with much better 
properties than present industrial ones, and at the same time 
with a significant saving in the cost of raw materials. 


INTRODUCTION OF VARIOUS GRADES OF RAW 
MATERIALS IN FERRITE MAGNET PRODUCTION 


C.A.M. Van Den Broek 
This paper gives some information concerning the present 


state of the technology of slurry preparation for making ani- 
sotropic hexaferrite magnets. The main conclusion is that 


cheaper and less defined raw materials can be used, provi- 
ded a flexible technology and the existing knowledge on raw 
materials and phenomena during prefiring are applied. 


THE GRAIN BOUNDARY COMPOSITION OF MnZn 
FERRITES WITH CaO, SiO, and TiO, ADDITIONS 


P.E.C. Franken, H. Van Doveren and J.A.T. Verhoeven 


Short communication. 


GRAIN GROWTH IN PRESSURE-SINTERED AlI,0, 
CERAMICS 


Y. Ishitobi, M. Shimada, M. Koizumi and R. Hayami 


Short communication. 


CALCULATION OF DIFFUSION COEFFICIENTS OF 
MANGANESE IN DEBASED ALUMINA 


J. Ranachowski and W. Wlosinski 


Short communication. 


EFFECT OF CATION SUBSTITUTION ON THE 
EUTECTOID DECOMPOSITION OF CuFe;0O; 


T. Yamaguchi and H. Sutoh 


Effects of cation substitution on the eutectoid decomposition 
of CuFe;O, into CuFeO, and Fe2O; have been studied by 
means of X-ray diffraction analysis and optical microscopy. It 
is shown that the eutectoid temperature decreased with in- 
creasing amount of cation with a more pronounced effect for 
Ni and Zn, and that the site preference of the cations in the 
host spinel phase plays no significant role on the stabiliza- 
tion of the spinel phase. All the cations studied retarded the 
rate of decomposition without changing the maximum-rate 
temperature in the time - temperature - transition diagram. 
Microscopic observations of the sintered bodies revealed 
that the cations are grouped into two with respect to their ef- 
fect on the eutectoid structure. The obtained results have 
been interpreted in terms of the dilution effect of the cation 
substituted. 


PHASE RELATIONSHIPS IN THE HAFNIA-GADOLINIA 
SYSTEM 


P. Duran 


Phase relationships in the system Hf02.-Gd2O; have been stu- 
died by X-ray diffraction. The formation of the pyrochlore 
structure compound Gd>Hf,0- (a = 10,498 A) was found. This 
compound undergoes an order-disorder transformation at 
very high temperature to yield a fluorite-type structure. The 
range of existence of the solid solutions based on HfQO>, 
Gd>Hf,O- and Gd2O; was determined using the lattice para- 
meter method. In the gadolinia-rich region, two hexagonal 
compounds have been formed. The first is formed between 
57 and 60 mol% Gd2O;, and the second is formed between 
75 and 90 mol% Gd2O0;. Both of them decompose above 
1700°C into cubic phases of the fluorite and C-type rare 
earth structures respectively. 


ZrO, POWDERS PRODUCED BY VAPOR PHASE 
REACTION 


Y. Suyama, T. Mizobe and A. Kato 
The formation of ZrO» powders by vapor phase reaction of 


the system ZrCls-O2 was studied with emphasis on the ef- 
fects of reaction conditions on the particle size and crystal 
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Structure of the products. The particle size of ZrO. powders 
decreased with decreasing ZrCl, concentration. The forma- 
tion and stability of tetragonal ZrO. are closely related to its 
particle size, and it was found that there is a critical particle 
size below which the tetragonal ZrO is stable thermodyna- 
mically. The vapor phase reaction gives metastable tetrago- 
nal ZrQ>-particles besides the thermodynamically stable 
ones. The presence of the critical size is in favor of the surfa- 
ce energy mechanism for the stabilization of the tetragonal 
phase. The formation processo of tetragonal and monoclinic 
ZrO> particles was discussed. 


DENSIFICATION KINETICS OF VACUUM HOT-PRESSED 
SODIUM BETA-ALUMINAS 


G.N. Babini, A. Bellosi and P. Vincenzini 


Hot pressing of two sodium beta-alumina powders of nomi- 
nal composition Na2»O-6.9Al,0; and Na,O-8.5Al,0; at 
1100-1600°C and 150-350 kg/cm’ in inductively heated gra- 
phite dies under vacuum, proved an easy method for obtai- 
ning fully dense materials in very short pressing times. Den- 
sification rates and microstructures developed are strongly 
dependent on the characteristics of the starting powders. 
The microstructure of the materials obtained from the first 
powder consisted of approx. equiaxed grains of the 8 and ;”’ 
phases; the intermediate and final stages of densification 
(e > ~ 85%) obeyed first-order kinetics and showed stress 
exponents in the steady state creep equation (é~o') from 
0.74 to 1.76. The apparent volume diffusion coefficients at 
90% relative density for which n values close to unity were 
found, calculated on the assumption of the Nabarro-Herring 
diffusional creep model were of the order of 10 ° cm’/sec. 
The apparent activation energy for densification was 55 
kcal/mole. A duplex microstructure was observed in the ma- 
terials hot-pressed from the second powder consisting of 
nearly equiaxed grains and strongly anisotropic elongated 
crystals grown perpendicularly to the hot-pressing direction. 
First-order densification kinetics were observed also for this 
powder but with much lower densification rates. The appa- 
rent activation energy for densification was 130 kcal/mole. A 
strong texture was observed in the materials hot-pressed 
from both powders with most of the c axes oriented parallel 
to the hot-pressing direction. 


OBSERVATIONS ON SOME PLASMA-SPRAYED METAL 
CARBIDES 


S. Basinska - Pampuch and T. Gibas 


Results of a study into plasma-sprayed coatings of W and Cr- 
carbides are presented. The investigations comprised the 
assessment of phase composition, microstructure, carbon 
losses, hardness and scratch resistance of coatings obtai- 
ned at the same spraying conditions. Of practical importance 
are the changes occurring in the carbides in the plasma 
stream, namely evaporation, melting, phase-changes, oxida- 
tion, and decomposition which bring about different micro- 
structures and variations of the properties of the coatings. 
These changes have been evaluated on the basis of a detai- 
led characterization of the starting powders and of the micro- 
structure ot the coatings. 


DEVELOPMENT OF SLIP MOULDING METHODS 
A.G. Dobrovolskiy 


A review of the factors affecting the basic properties of cera- 
mic slips, i.e. viscosity, settling rate, tixotropy and dilatancy, 
is given. The main technological features of slip casting in 
porous forms, electrophoretic moulding and thermoplastic 
slip casting are described. It is shown that the slip casting 
process may be used not only for manufacturing complex 
shaped products also for the production of special ceramics, 
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such as fibre reinforced materials, porous materiais with 
oriented channel, cellular materials, multi layer ceramics, 
thin films, and others. 


INTERFACIAL PHASES IN A METAL-TO-ALUMINUM 
OXIDE CERAMIC SEAL 


J. Ranachowski, M. Stepniewski and W. Wiosinski 


The interface of metal-to-alumina ceramic seals was exami- 
ned by an electron probe and by X-ray methods. The thick- 
ness of the interface was found to be 11 to 15 um. About 
75‘ /, of the interface was amorphous glassy phase and the 
remaining 25”/, was Mno 9Feo :Al2O4 spinel. Because of the 
replacement of Mn** by Fe *?, the lattice of the spinel was 
decreased from that of MnO-AlI,O; (a) = 8.184 + 0.004A). 


PROPERTIES OF AI,0;-SiO) HEAT INSULATING 
REFRACTORIES 


I. Stamenkovic, V. Simiéié, F. Sigulinski, P. Martinovié and 
R. Stefanovic 


A short description of high-porosity brick production is given. 
The technology included the preparation of starting mate- 
rials, forming by extrusion, firing and finishing. The investi- 
gation included physical, thermal, structural and microstruc- 
tural measurements. Apparent brick density ranged from 0.6 
to 1.3g cm °*; the minimum AI,O; content was 34-36%. Mi- 
cro and macropores distributions were determined and di- 
scussed in relation to mechanical and/or heat conductivity 
properties. 


Vol. IV, January/December, 1978 


CERAMIC SELF-SEALING COATINGS FOR 
HIGH-TEMPERATURE SURFACES 


G. Perugini 


The ceramic self-sealing coatings are described by their 
composition, structural and functional properties; their appli- 
cations are discussed taking into account some peculiar sur- 
face characteristics. Considering the positive results obtai- 
ned in some applications, it seems possible that ceramized 
surfaces can give several contributions (anticorrosive, anti- 
pollution, technological, energetic) towards solving the pro- 
blems of high-temperature technology. 


PHASE DIAGRAMS OF THE SYSTEMS HfO,>-Pr.0; AND 
Dy,0;-Pr.0; 

M.V. Kravchinskaya, A.K. Kuznetsov, P.A. Tikhonov and 
E.K. Koehler 


The phase diagrams for the systems HfO2-Pr20; and Dy20;- 
Pr.O; have been constructed in the temperature range 
1000°-3000°C under vacuum. Phase relations in these sy- 
stems were studied by X-ray and high-temperature thermal 
analyses and by electrical conductivity measurements to 
2000°C. In the HfO2-Pr2O; system, the compound Hf,Pr2O 
exists which has a pyrochlore-type structure and the lattice 
parameter a= 10.662+0.004 A. The region of existence of 
the pyrochlore phase lies within the limits of 20 to 50 mole % 
PrO;. The heterogeneous regions of existence of the fluori- 
tetype cubic phase C and the pyrochlore-type phase P as 
well as of the cubic face-centered phase C’ and the pyrochio- 
retype phase P extend from 20 to 30 mole % and from 38 to 
50 mole % Pr2O;, respectively. In the Dy2O; - Pr.O; system, 
there are solid solutions of the A, B and C - structures of the 
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rare-earth oxides. The phase diagram for this system be- 
longs to the diagram type having a temperature minimum in 
the liquidus and solidus curves and an eutectoid at 78 mole 
% Pr,O; at 1780°C. 


GRAIN GROWTH AND CREEP IN POLYCRYSTALLINE 
MAGNESIUM OXIDE FABRICATED WITH AND WITHOUT 
A LiF ADDITIVE 


J.D. Hodge and R.S. Gordon 


Grain growth and diffusional creep phenomena were studied 
in high purity, polycrystalline MgO which was fabricated with 
and without the use of a LiF additive. Small amounts of resi- 
dual fluorine were believed to be responsible for enhanced 
rates of grain growth and diffusional creep by increasing 
both the magnesium lattice and magnesium grain boundary 
diffusivities. Diffusional creep was clearly identified in poly- 
crystalline MgO at low stresses and small grain sizes. 


THE PHASE DIAGRAM OF THE SYSTEM ZrO,-CaO-MgO 
BETWEEN 1200°C AND 1700°C 


V. Longo and L. Podda 


Solid state phase relations in the system ZrO2.-CaO-MgO we- 
re investigated at 1700°, 1600°, 1500°, 1400°, 1300° and 
1200°C. The most significant equilibrium isotherms are re- 
ported and the phase diagram of the system in the 1700° to 
1200°C temperature range is proposed. 


VARIATION OF SOME PHYSICAL PROPERTIES WITH 
CALCINATION AND ANNEALING TEMPERATURE OF 
MAGNESIA OBTAINED BY THERMAL DECOMPOSITION 
OF BASIC MAGNESIUM CARBONATE 


N.A.L. Mansour 


The influence of calcination temperature and annealing con- 
ditions on crystallite growth, firing density and lattice con- 
stant was investigated. X-ray broadening was used to mea- 
sure the crystalline size of the powdered samples. Lattice pa- 
rameter was measured from the (200) peak and the bulk den- 
sity waS measured by mercury balance. Crystallites of ma- 
gnesia obtained by calcining basic carbonate at 800°C ad 
then by annealing at lower temperatures, break down to 
smaller sizes probably due to the sudden expansion of the 
entrapped gases in the micropores. Crystallite growth obeys 
the equation D*- Dj=2 Kt with an activation energy of 66 
Kcal/mole at temperatures higher than 770°C. The activation 
energy at lower temperatures was found to be 43.5 and 32 
Kcal/mole for magnesia prepared at 500 and 800°C. Com- 
pacts of magnesia prepared at 500°C sintered to a higher 
density than magnesia prepared at 800°C when the annea- 
ling temperature is lower than 770°C and to a lower density 
above this temperature with a maximum density at 800°C 
annealing temperature and 2 hours annealing period. For 
longer periods temperatures lower than 770 and 800°C were 
obtained. Independent on the calcination temperature, an 
equilibrium lattice constant at every annealing temperature 
was obtained which decreases with temperature up to 
770°C, then remains constant. 


MICROSTRUCTURAL CHANGES DURING THE FIRING 
OF WALL TILE AND SANITARYWARE 


V. Lach 


The influence of firing temperature and soaking time on pha- 
se composition, porosity and some other microstructural pa- 
rameters of porous wall tile and sintered sanitaryware was in- 
vestigated by means of X-ray d ffraction, mercury porosime- 
try, SEM, dilatometry, DTA, TG and ultrasonic thermal analy- 
ses. The results were interpreted on the basis of the so cal- 
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led «New Silicate Concept» developed by the Author. The in- 
fluence of various parameters of the microstructure on the 
physical properties was investigated. 


ON THE EFFECT OF CRACK GROWTH ON THE 
SCATTER OF STRENGTH OF BRITTLE MATERIALS 


D.P.H. Hasselman and G. Ziegler 


Short communication. 


COMPATIBILITY RELATIONS IN THE SYSTEM 
Al,0;-P,0;-WO; 
Jelena Brun Langensiepen and F.A. Hummel 


Short communication. 


ON THE DEFECT STRUCTURE IN 
NONSTOICHIOMETRIC METAL OXIDES 


S. Mrowec 


A number of important physical and chemical properties of 
nonstoichiometric transition metal oxides are influenced by 
kind and concentration of defects in the crystalline lattice of 
these materials. Until quite recently it was thought that the 
relation between the nature of defects in the lattice of these 
oxides and their physical and chemical properties could be 
explained satisfactorily based on point defect theory. Today 
it is known that such an approach is correct only in the case 
of very small defect concentrations. At higher concentrations 
the mutual interaction between point defects results in for- 
mation of complexes and defect clusters called extended de- 
fects. These extended defects can become further ordered, 
which leads to superstructure ordering and to formation of in- 
termediate phases. In some cases point defects can become 
eliminated in the process of crystallographic shear which is 
connected with formation of a whole series of intermediate 
phases. 


MICROSTRUCTURAL AND PHYSICAL PROPERTIES OF 
Al.0;-Fe CERMETS 


J.T. Klomp and R.H. Lindenhovius 


Al,O3-Fe sintered compacts were prepared in order to find 
experimental evidence for the hypothesis that during sinte- 
ring Fe evaporates and condensates on the Al2O; grains in- 
creasing the probability that metal-metal contacts occurs. 
The electrical and thermal properties of these cermets were 
measured. The electrical resistivity of cermets containing up 
to 17.5 vol% Fe is equal to that of pure alumina. The thermal 
expansion characteristics show that the interfacial adheren- 
ce is maintained during heating and cooling. This is attribu- 
ted to the occurrence of pores or cracks in the particle inte- 
rior. The thermal conductivity of cermets with an Al2O; matrix 
is up to 6% higher than that of pure Al,O3-ceramic. The expe- 
rimental results give no evidence for the validity of the hypo- 
thesis. 


THE INFLUENCE OF VARIATIONS IN COMPOSITION ON 
THE CREEP BEHAVIOUR OF DOLOMA 


J.A. Coath and B. Wilshire 


A study has been made of the high temperature creep beha- 
viour of natural doloma and a wide range of synthetic CaO- 
MgO samples. Over the stress and temperature ranges exa- 
mined, the rate-determining process during creep of these 
two-phase ceramics is diffusion-controlled generation and 
movement of dislocations, independent of variations in the 
magnesia content (from 25 to 75% MgO), crystal sizes (from 
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1.5 to 114m) and impurity levels (i.e. SiO, AlO; and FeO; 
contents up to a total of 5.6 wt%). Under these conditions, 
whilst variations in crystal size have comparatively little ef- 
fect, the creep strength can be significantly improved by de- 
creasing the CaO/MgO ratio and by minimizing the impurity 
levels (particularly Fe203). 


PREPARATION AND PROPERTIES OF SINTERED 
HYDROXYLAPATITE 


J.G.J. Peelen, B.V. Rejda and K. De Groot 


The preparation of a bioceramic material is described, which 
resembles natural bone in its chemical composition and in its 
porous structure. Hydroxylapatite powder with the composi- 
tion Cas(PO.);30H is used as starting material. The porosity 
of the ceramic product is determined by the forming process 
(macroporosity) and by the sintering schedule (microporosi- 
ty). The relationship between preparation conditions and cry- 
Stallographic structure, microstructure and strength is di- 
scussed. This strong but still porous ceramic has already 
successfully been used in animal implantation experiments. 


IR AND RAMAN STUDIES OF THE STABILIZATION OF 
B-Ca2SiO, 
M. Handke and W. Ptak 


Laser Raman and Fourier transform infrared spectroscopic 
investigations have been performed on powdered samples 
of B-Ca2SiO, and on monocrystalline samples obtained by 
the Verneuil method. The polarized Raman spectra are con- 
sistent with monocrystalline behaviour in the translational 
modes region but a polycrystalline one in the internal and ro- 
tational modes region of SiO, tetrahedra. This phenomenon 
can be explained by an existance of domains with different 
orientation of SiO, tetrahedra between domains; the orienta- 
tion of adjacent SiO, tetrahedra is incongruent. The domains 
should be small enough to prevent the formation of nuclei of 
the y-phase within them and in consequence also the initia- 
tion of polymorphic transition. To make the nucleation of the 
+-phase possible, the boundaries between domains must be 
free to move. 


CERAMIC AND MAGNETIC PROPERTIES OF 
STRONTIUM HEXAFERRITE POWDERS PREPARED BY 
A FLUIDIZED BED TECHNIQUE 


L. Giarda, G. Bottoni, D. Candolfo, A. Cecchetti and 
F. Masoli 


The properties of strontium hexaferrite powders prepared by 
a laboratory fluidized bed technique are examined in order to 
obtain powders suitable for plastically bonded or ceramic 
permanent magnets. Ceramic and magnetic parameters are 
analysed as a function of the reaction temperatures. A com- 
parison is made between two sets of hexaferrite powders ob- 
tained from the oxides a-FeOQOH and a-Fe20;3. 


THE EFFECT OF GROG TYPE ON THE QUALITY OF 
SURFACE OF SANITARY WARE MADE OF FAIENCE 
GROG 


N.S. Belostotskaya and L. Ja Shapiro 


This paper discusses the influence of grain size and grain 
shape of the grog composition on the quality of surface of 
sanitary ware casts made of faience grog. The use of fine 
grogs possessing spherical particles provides a better sur- 
face on both cast and finished ware while also allowing for 
elimination of base glazing, thereby reducing the required 
production time. 


TEXTURE-CONDUCTIVITY RELATIONSHIPS IN 
POLYCRYSTALLINE LITHIA-STABILIZED B’’-ALUMINA 


G.E. Youngblood and R.S. Gordon 


Hot-pressed polycrystalline 8’’-alumina (lithia-stabilized) 
possesses an (OOL) texture which is perpendicular to the 
pressing direction. The sodium ion resistivity, measured at 
300°C in a direction parallel to the hot-pressing direction, 
was a factor of 1.4 to 1.8 larger than the resistivity measured 
in the perpendicular direction for small (~2 um) to large 
(~ 100 um) grained microstructures, respectively. The lowest 
resistivities (1.8 ohm-cm) and activation energies (3.1 
kcal/mole) were observed perpendicular to the pressing 
direction for the large-grained material. The highest 
resistivities (6.8 ohm-cm) and activations energies (5.1 
kcal/mole) were observed parallel to the pressing direction 
for small grain size material. An X-ray texture parameter was 
developed for polycrystalline 8’’-alumina and related to the 
measured anisotropy in sodium ion conduction for hot- 
pressed material. Finally this relation was extended to 
qualitatively explain why the radial resistivity for an 
isostatically pressed and sintered 8’’-alumina tube is typical- 
ly 25% higher than the axial resistivity. 


PREMETALLIZING OF HIGH ALUMINA CERAMICS 
G. Visomblin and D. Tchoubar 


Premetallizing with a Mo-Mn-SiO, mixture was studied on 
corundum single crystal and sintered alumina surfaces. The 
oxide phase formed after heat treating is described with the 
aid of scanning electron microscopy, X-ray diffraction and 
microprobe analysis. The AlzO3/SiO2 and CaO/SiO; ratios in 
this phase were correlated with the behaviour of the 
manganese and the purity of the support (presence of silica 
and lime). Specially, if the CaO/SiO> ratio is higher than 0.1, 
indesirable crystallization of anorthite occurs at the alumina- 
molybdenum interface. 


HYDROTHERMAL REACTIONS IN THE SYSTEMS 
CaCO;-SiO, and MgCO,-SiO> 


R.G. Anthony and E.R. McCartney 


Hydrothermal reactions in the systems calcite-quartz and 
magnesite-quartz have been studied over the temperature 
range 200°C to 600°C and the steam pressure range 1.5 to 
70 MPa. In the calcite-quartz system, a hydrothermal reac- 
tion was found to occur at temperatures in excess of 450°C 
to form wollastonite. In the magnesite-quartz system, at 
temperatures above 300°C, formation of talc was observed 
in all compositions studied, with some formation of serpen- 
tine evident at higher magnesite compositions. Above 450°C 
and at magnesite contents above 80%, talc and forsterite 
formed. In all cases, the reaction mechanism appears to be 
the displacement of CO» by a mobile silica species. To 
assess the potential utilization of these reactions in ceramic 
manufacture, a series of samples was made from carefully 
graded mixtures and their compressive strengths were 
measured. Mixtures of calcite and quartz developed a max- 
imum strength of 18+2 MPa at 300°C. In the magnesite- 
quartz system, the strength was found to increase from 
11+2 MPa at 200°C to 31 +2 MPa at 300°C and 30+ 2 MPa 
at 500°C. The strength rose with time of treatment in each 
case, reaching a maximum at about forty hours, after which 
no further increase in strength with time was evident 


LEAD TITANATE ZIRCONATE-BASED PYROELECTRIC 
CERAMICS 


B. Hardiman, K.V. Kiehl, C.P. Reeves and R.R. Zeyfang 


Ceramics with a base composition PbTi,Zr; - .O; (x =0.07) 
and modified materials by additions of Nb2O;, Fe.O; and 
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U;Os in <1 wt. % concentration were pressure sintered to 
near theoretical densities. The effect of these additives on 
the microstructure and on the dielectric properties are 
reported and discussed in terms of the A- and O-position 
vacancy model in the ABO; perovskite lattice. The pyroelec- 
tric properties are also affected by the characteristics of the 
F(Ri.1)-F(Rut) phase transition. 


THE SIGNIFICANCE OF NON-ELASTIC DEFORMATION 
IN THE FRACTURE OF HETEROGENEOUS CERAMIC 
MATERIALS 


G.A. Gogotsi, Ya. L. Groushevsky and K.K. Strelov 


The classification of refractory ceramic materials is con- 
sidered according to the magnitude of their brittleness i.e. 
the ratio of the specific elastic energy stored in the specimen 
at the moment of fracture, to the total amount of deformation 
energy of the specimen prior to its fracture. The materials are 
classified as brittle (x =1) and relatively brittle (x <1). Defor- 
mation peculiarities of these materials are analysed and 
distinctive features of their mechanical behaviour are 
pointed out. It is shown that macrononelasticity of relatively 
brittle materials is caused by microfractures. It is proved that 
these features must be taken into consideration when 
developing design criteria for these materials. The known 
thermal shock resistance criteria are considered and a new 
criterion is proposed in which brittleness is introduced as a 
parameter. The validity of the approach is confirmed by 
results of tests of single-phase and composite ceramic 
materials based on aluminium oxide, yttrium oxide, Zir- 
conium dioxide, and titanium carbide. 


THE USE OF CUBIC SHAPED SAWDUST IN HEAVY 
CLAY PRODUCTS 


M.J. Murray and R.M. Liversidge 


The effect of the addition of sawdust on the properties of ex- 
truded heavy clay bodies before and after firing is described. 
lt was found that sawdust particles of cubic shape, produced 
by swage-set band saws, could be added in greater quan- 
tities and had less adverse effect on the physical properties 
than the elongated particles produced by spring-set circular 
Saws 


VOLTAMMETRIC TECHNIQUES IN CERAMIC ANALYSIS. 
THE STATUS OF THE ART 


P.L. Buldini 


A comprehensive bibliography covering the period from 
1922 to 1977 deals with the determination of Al, As, Au, B, 
Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe(II), Fe(Ill), In, K, Li, Mg, Mn, 
Mo, Na, Nb, Ni, Pb, S, Sb, Se, Si, Sn, Ti, Tl, U, V, Zn, Zr in 
ceramics and related materials. Several voltammetric techni- 
ques are compared. Different methods for sample dissolu- 
tion are suitable for voltammetric analysis. Advantages and 
limitations of ceramics analysis by means of voltammetric 
techniques are discussed. 


FIGURES-OF-MERIT FOR THE THERMAL STRESS 
RESISTANCE OF HIGH-TEMPERATURE BRITTLE 
MATERIALS: A REVIEW 


D.P.H. Hasselman 


A review is presented of the selection rules for brittle struc- 
tural ceramics subjected to severe thermal stress. A total of 
twenty-two figures-of-merit are presented for a total of 
twenty-nine different heat transfer environments and/or 
criteria of thermal stress resistance, involving steady-state or 
transient heat transfer, internal heat generation, thermal 


buckling as well as thermal fatigue and unstable crack pro- 
pagation. 


SINTERING CHARACTERISTICS OF PORCELAIN 
E.M.H. Sallam and A.C.D. Chaklader 


Sintering experiments in the temperature range 1050° to 
1300°C using a eutectic glass (as present in a triaxial 
porcelain) and several constituents in porcelain composi- 
tions indicate that shrinkage behaviour of porcelain is 
primarily controlled by the reaction between glass (or felspar) 
and clay components. An equation to predict the relationship 
between the relative density change and shrinkage has been 
developed, which is based on the liquid phase formation on 
particles and migration of liquid from the neck regions to the 
void space. The predicted relationship AL/L,=47/98 
(1/2. — 1/9) (where 8 is a geometric constant and calculable) 
fitted the data well. The mechanism of densification appears 
to change with temperature - initially controlled by reaction 
then followed by precipitation. The calculated apparent ac- 
tivation energy during the second stage (~ 60 Kcal/mole) is 
about half of that obtained by previous workers. 


HIGH TEMPERATURE OXIDATION OF DISILICIDES IN 
THE SYSTEM MoSi_-TiSi, 


J. Schlichting 


The oxidation behaviour of silicon ceramics e.g. MoSi, at 
temperatures up to 1600°C is due to the formation and 
Stability of glassy SiO -surface layers. The oxidation 
behaviour of two-component silicides is a function of 
crystallization and segregation phenomena in the oxidic sur- 
face layer. Small amounts of titanium in the SiQ>-layer lead 
to devitrification of the glass resulting in low O2-transport. 
But with high Ti content in the MoSi, different oxides (TiO 
and SiO>) are formed isolated and therefore the oxidation 
rate increases rapidly. 


EFFECT OF CdO ADDITIVE ON SINTERING OF LiNbO, 


S. Shimada, K. Kodaira, T. Matsushita, K. Ichijo and R. 
Maeda 


The effect of CdO additives on the sintering of LiNbO; at 
805-1100°C was studied and is discussed on the basis of 
Kingery’s model of initial sintering and cubic grain growth 
kinetics. The sintering appears to be controlled by the 
volume diffusion of oxygen ion in both cases. Exaggerated 
grain growth in pure LiNbO; occurs at 1050-1100°C and 
hinders the attainment of sintered densities higher than 
83-87%. Addition of CdO increases the diffusion coefficient 
of oxygen by about 500 times during initial sintering and 
causes rapid densification. DTA curves indicated a reaction 
between CdO and LiNbO; at 750-895°C; the second phase 
thus formed probably hinders exaggerated grain growth. 


HIGH QUALITY CHROME-BEARING BASIC 
REFRACTORIES FROM BRINE MAGNESIA 


E.A. El-Rafei 


Pure magnesia (>96% MgO) was recovered from marine 
brine of high MgCl, content using calcined dolomitic 
magnesite as alkali precipitating agent. High quality chrome- 
bearing refractories were obtained from clinkers produced 
by joint fine grinding and firing at 1550°C of the dried 
Mg(Oh)> paste with different amounts (10, 20, 35 wt. %) of 
common chrome ore and chemically enriched ore. The 
technical characteristics of the basic refractories were im- 
proved as the chrome content is increased up to 20% com- 
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mon ore and 35% chemically enriched ore. On substituting 
the common ore by the chemically enriched one the proper- 
ties of the refractories were remarkably improved due to 
lower silicate level (about 2%) and higher chrome spinellide 
content. The properties of the basic refractories were cor- 
related with their different constituent phases. 


LATTICE PARAMETERS OF CUBIC SOLID SOLUTIONS 
IN THE SYSTEMS uR,0;-(1-u)MO> 


V.B. Glushkova, F. Hanic and L.V. Sazonova 


Short communication. 


Vol. V, January/December, 1979 


MAGNETIC PROPERTIES OF Al, Ga, Sc, In 
SUBSTITUTED BARIUM FERRITES: A COMPARATIVE 
ANALYSIS 


G. Albanese and A. Deriu 


A comparative analysis of the magnetic properties of 
BaFe,2- ,.Me,O.9 (Me=Al, Ga, Sc, In) ferrites is given. The 
influence of the substitution of iron ions on the magnetic 
ordering and on the magnetic properties is pointed out. The 
reported data indicate that the occupation by non magnetic 
ions of lattice sites inside the R-block leads to peculiar helical 
spin structures. Further confirmation of the relevant contribu- 
tion of iron ions in the 12 K sublattice to the single ion uniax- 
ial anisotropy has been obtained. 


THE SOLID SOLUBILITY OF Sc20;, Al:O;, Cr.0;, SiO» 
and ZrO, in MgO 


A.F. Henriksen and W.D. Kingery 


Scanning electron microscopy and X-ray diffraction lattice 
parameter measurements have been used to determine the 
extent of solid solubility of oxides in MgO. The solubility of 
Sc2O; ranges between 0.005 and 0.044 mole fraction in the 
temperature interval from 1270°C to 1600°C, with an ex- 
perimental heat of solution equalling 36.8 kcal/mole. Cr20; 
has a similar solubility range, between 0.007 and 0.038 mole 
fraction in the temperature interval from 1200°C to 1600°C, 
and the heat of solution was determined to be 43.6 
kcal/mole. Much smaller solubility was found for Al.O3, bet- 
ween 0.0004 and 0.007 mole fraction in the temperature in- 
terval from 1200°C to 1600°C, and the heat of solution was 
97.2 kcal/mole. The solubility of SiO. is less than 0.00034 
mole fraction at 1850°C and the solubility of ZrO is less than 
0.000075 mole fraction at 1885°C. 


SURFACE TENSION AND DENSITY OF MOLTEN 
GLASSES IN THE SYSTEM La20;-Na_Si.0; 


A. Passerone, R. Sangiorgi and G. Valbusa 


Surface tension, density, and volatility of sodium disilicate, 
modified by additions of 1%, 5%, 10%, mole La2O;, have 
been evaluated at temperatures varying from 900 to 1500°C, 
under highly reducing conditions. These results and related 
data (such as activation energy of evaporation reaction; ther- 
mal expansivity; temperature coefficient of surface tension; 
nonideal behaviour; surface adsorption) have made possible 
interpretation of the role played by lanthanum in modifying 
the properties of the base glass. 


ELECTRICAL CONDUCTIVITY OF POLYCRYSTALLINE 
3Y,0;-WO; AT HIGH TEMPERATURES 


K. Kuribayashi and T. Sata 


The electrical conductivity of polycrystalline YsWO;2 
(3Y¥203;-WO;) and of polycrystalline YsWO,2 doped with 
alkaline earth oxides or ZrO» were measured over the 
temperature range from 800 to 1400°C under oxygen partial 
pressures of 10 ° to 10° atmospheres. Y;WO,2 showed a p- 
type conductivity at higher oxygen pressures and an n-type 
conductivity at lower oxygen pressures. Additions of alkaline 
earth oxides increased the conductivity of YsWOj;2 in the 
higher oxygen pressure region. The conductivity of alkaline 
earth oxides-doped Y;WO,2 decreased monotonically with 
decreasing oxygen partial pressures and approached cons- 
tant values at lower oxygen partial pressures. The ZrO: addi- 
tion caused a decrease in the conductivity of YsWO)> in the 
higher oxygen pressure region. The variations of the conduc- 
tivity with oxygen pressure are discussed assuming various 
defects models. 


THE CORROSION RESISTANCE OF STRONTIUM 
ZIRCONATE CERAMICS TO COAL ASH CONSTITUENTS 
AND POTASSIUM SEED OF MHD-GENERATORS 


M. Zborowska, M. Grylicki and J. Zborowski 


The resistance of dense strontium zirconate ceramics to cor- 
rosion by AlzO3, CaO, MgO, SiO: and K2CO; as well as coal 
ash was investigated by the «crucible method» for 2 hrs at 
1700°C. The corrosion process was investigated by optical 
polarizing microscopy, X-ray microanalysis and scanning 
electron microscopy. The results showed that strontium Zir- 
conate ceramics have excellent corrosion resistance against 
K>»CO;. No corrosion effect by Al,O;, CaO and MgO was 
observed as well. Considerable corrosion occurred when 
silica was used which formed a baddeleite dispersed phase 
in a glassy matrix of a variable composition. A similar effect 
was observed in crucibles corroded by coal ash containing 
silica. 


KINETICS AND MECHANISM OF THE SOLID-STATE 
HIGH-TEMPERATURE TRANSFORMATION OF 
ANDALUSITE (AlI,SiO;) INTO 3/2-MULLITE 
(3Al,0;+2Si02) AND SILICA (SiO>) 


H. Schneider and A. Majdicé 


The kinetics of the high-temperature transformation of an- 
dalusite (<40um) were investigated by means of X-ray 
techniques. The transformation interval was determined to 
lie between about 1250 and 1500°C. The best fitting of the 
kinetic data was achieved with an exponential law of the 
type: 1—a=exp (—kt+ct/(t+1)). The kinetic curves are 
associated with a topotactic transformation mode with 
preservation of the aluminium-oxygen octahedral chains and 
diffusion of aluminium, silicon and oxygen atoms. Below 
1380°C, mullite (+ SiO2) formation is essentially restricted to 
an initial rapid period of the transformation, because nuclea- 
tion and product growth occur only at energetically favored 
lattice sites (e.g. grain boundaries). Above 1380°C, mullite 
and SiO; nucleation and growth may take place throughout 
the volume of the low-temperature phase (andalusite) over 
the whole range investigated. 


KINETICS AND MECHANISM OF THE REACTION 
BETWEEN SODIUM CARBONATE AND SILICA 


W. Richard Ott 
The kinetics and mechanism of the reaction between sodium 


carbonate and silica were studied using thermogravimetric 
analysis to monitor the percent reaction versus time. A 
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modified form of the rate constant in the Ginstling and 
Brounsthein model has been shown to describe the sodium 
carbonate - silica reaction of dried samples. This equation is: 


(a) K=1—2x/3—(1—x) 


3 


200.1 = Ral MO 4 
were K= oe eee 

k2R*sior 
t is the time, D is the diffusion coefficient of the rate controll- 
ing species, C, is the concentration gradient, k; and k2 are 
constants, R, is the sodium carbonate particle size, Rsio2 Is 
the silica particle size, and M and Q are the total volumes of 
the sodium carbonate and silica, respectively. Surface diffu- 
sion was shown to cover all silica particles rapidly and supply 
Na~ and O_- ions to the reaction interface. The activation 
energy of the process was found to be 30 k—cal/mole. The 
presence of water vapor caused the diffusion rate to increase 
rapidly and the rate controlling step became chemical pro- 
cesses which occurred at the phase boundary. This process 
was determined to have an activation energy of 35 k- 
cal/mole 


SYNTHESIS OF MULLITE BY A FREEZE-DRY PROCESS 
T.A. Wheat, E.M.H. Sallam and A.C.D. Chaklader 


A freeze-drying technique has been developed to synthesize 
fine-grained stoichiometric mullite (3Als03;*2SiO2) by doping 
a silica sol with an appropriate quantity of a one molar 
Al2(SOQx4); solution followed by spray freezing in liquid N» and 
freeze drying the mixture. The freeze-dried powder when 
calcined at 1400°C produced a single-phase stoichiometric 
mullite as determined by X-ray diffraction. The final product 
was very friable and could be easily broken down to a mean 
particle size of ~ 7 um (equivalent spherical diameter). 


EFFECT OF CALCINATION TEMPERATURE ON 
LATTICE DEFECTS IN IMPURE MAGNESIUM OXIDE 


S.A. Abdel-Hady, N.A. Ahmed, A.R. El-Dib and M.S. Farag 


The crystallite size and the strain of powdered MgO prepared 
by decomposing magnesium carbonate in the range 
600-1300°C were measured in [100] and [111] 
crystallographic directions by analyzing the X-ray line 
broadening. The Warren and Averbach multiple order 
method was used. The results showed that the crystallite 
size and the strain are anisotropic. The lattice parameter was 
calculated from the centre of gravity of the k.,; line profile of 
all planes using Wagner's extrapolation method. The 
changes in the density of the powdered samples and the 
changes in the unit cell constant showed that the Schottky 
defects are probably present at low firing temperatures and 
there are adsorbed contaminant agents on the primary sur- 
faces of the crystallites. The impurities affected the proper- 
ties of the polycrystalline material. Their effects were very 
evident in the magnetic susceptibility values, in the sudden 
increase of the crystallite size above 1000°C and in the high 
value of the strain at that temperature. 


OBSERVATIONS ON THE GRAIN-BOUNDARY OF AI,O; 
BICRYSTALS 


O. Maruyama and W. Komatsu 


The grain-boundary thickness of alumina bicrystals, 
fabricated without the aid of sintering additives and 
pressure, was measured with an optical microscope. The 
thickness was 500 to 550 A and independent of the tilt angle. 
Impurities segregated at the grain-boundary and the surface 
of the same sample was studied with an ion microanalyser. 
The segregation of Ca and Si at both interfaces was 


noticeable but that of Mg was not. The thickness of the 
segregation region for both interfaces was 600 to 800 A. The 
spheroidization of tubular voids into pores at the grain- 
boundary was controlled by surface diffusion. Discussion of 
the fabrication process of the bicrystal in terms of initial 
sintering kinetics concluded that the process was controlled 
by the surface diffusion. 


EFFECTS OF STRAIN ENERGY ON PRECIPITATE 
MORPHOLOGY IN MgO 


A.F. Henriksen and W.D. Kingery 


Differences between the morphology of MgFe20, 
precipitates, which form octahedra with {111} habit planes 
and grow into dendritic forms propagating along <100>; 
MgCr.O, and MgAI204, which assume plate-like morphology 
with a {100} habit plane; and Sc2O0;, which precipitates as 
randomly oriented platelets, are discussed in terms of the dif- 
ferences in strain energy associated with exsolution of the 
phases in MgO. The strain energy effects, which occur both 
during nucleation and subsequent growth, provide a rational 
explanation of the observed behavior. 


FABRICATION OF STABILIZED ZrO, BY HOT 
PETROLEUM DRYING METHOD 


Su-li Pyun 


A series of MgO- and CaO- partially and fully-stabilized ZrO 
bodies were produced from sulfate and acetate powders us- 
ing a wet chemical drying method («hot petroleum drying 
method»). The optimum sintering conditions for powders pro- 
duced from sulfates and acetates were found: calcining at 
1200°C for 2-5h, followed by sintering for 5h at 1600°C. 
This drying process proved to be a very effective method for 
preparing stabilized ZrO. without conventional ceramic pro- 
cess of mixing, milling, and granulating. 


HOT PRESSING OF LITHIA-STABILIZED 3’’-ALUMINA 
A.V. Virkar, T.D. Ketcham and R.S. Gordon 


Fine-grained (<5ym), dense (3.26 - 3.27 g/cm’), and strong 
(>200 MN/m‘*) polycrystalline 3’’-alumina (lithia-stabilized) 
ceramics can be fabricated by vacuum hot-pressing at 
temperatures => 1330°C and pressures between 28 and 41 
MN/m?. By suitable low temperature annealing (< 1400°C), 
a fine-grained, high strength 3’’-alumina body can be 
fabricated with a low resistance (<5 ohm-cm at 300°C) to 
sodium ion conduction. The relatively high sodium ion 
resistivities (6-11 ohm-cm) obtained directly after hot- 
pressing are caused by an incomplete phase conversion to 
3’’-alumina during densification and not to a small grain size. 
Low temperature annealing can promote phase conversion 
and yet prevent any significant grain growth. The high 
strength ceramics produced by hot-pressing can serve as 
the standard to be achieved in conventional sintering. 


TRANSPARENT HOT-PRESSED ALUMINA 
|:HOT PRESSING OF ALUMINA 


J.G.J. Peelen 


The densification of alumina to nearly full density by con- 
tinuous hot pressing is described. The influence of the at- 
mosphere on hot pressing is discussed as well as the in- 
fluence of the process parameters temperature, pressure 
and transit rate. The microstructure of hot-pressed alumina 
is examined and compared with that of normally sintered 
alumina. X-ray diffraction is applied to investigate a possible 
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crystallographic texture of the grains in hot-pressed alumina. 
The optical properties of the material are treated in a second 


paper. 


MECHANISMS OF HOT PRESSING OF MAGNESIUM 
OXIDE POWDERS 


R. Pampuch 


Estimation of the rate controlling mechanisms of mass 
transport during the initial, intermediate and a portion of the 
final stage of hot pressing of powder compacts by an ade- 
quate application of the theory of creep of non-porous 
polycrystals at elevated temperature is first discussed and 
their significance for understanding of the relations between 
powder characteristics and their densification during hot 
pressing stressed. Review of recent developments of the 
creep theory indicates that if intraparticle (intracrystallite) i.e. 
dislocation mechanisms are acting to a negligible extent on- 
ly, the steady-state strain rate ¢, should be controlled entirely 
either by boundary reactions (emission/absorption of point 
defects at sources and sinks, e.g. at boundary line-defects) 
or by diffusion between sources and sinks (Nabarro-Herring 
and/or Coble creep). An analysis has been made in these 
terms of é observed with well characterised MgO powders, 
having a rather uniform crystallite size, during hot pressing 
at 775-975K under loads of P, = 60-295 MPa. Two types of 
powders, obtained by thermal decomposition of Mg(OH), at 
different temperatures, have been studied, namely i. 
powders constituted by well-annealed fine crystallites 
(d=28-56 nm) showing no lattice microstrains, and _ ii. 
powders constituted by fine crystallites (25-45 nm) showing 
appreciable microstrains of the lattice and, consequently, a 
high density of the line defects. Experimental determination 
of the stress sensitivity, n, particle sensitivity, m, and true ac- 
tivation energy for creep, Q., has shown that the data corres- 
pond very closely to ¢, « P,4’/d in the first, and to é, « P,/d° 
in the second case, respectively. The first situation is ex- 
pected for strain rates controlled by boundary reactions 
while the second for the ones controlled by Coble creep, 
respectively. The different rate-controlling mechanisms 
enable to explain rationally the different densifications ob- 
tained under comparable conditions of hot pressing with the 
two types of MgO powders. 


SUBMICRON TiO2-ZrO0, POWDERS PRODUCED BY 
VAPOR PHASE REACTION OF TiCl,-ZrCl.-O: SYSTEM 


Y. Suyama, M. Tanaka and A. Kato 


Submicron TiO2-ZrO. powders were prepared by the vapor 
phase reaction of the TiCl,-ZrCl,-O. system. The phases ap- 
peared were TiO. ss, ZrO. ss and ZrTiO, ss. The major 
crystal forms of TiO. and ZrO» were rutile and tetragonal 
system, respectively. Pure TiO. was predominantly anatase 
and consisted of single crystalline particles with square and 
plate-like shape. As ZrCl, concentration increased, the parti- 
cle size decreased, the content and lattice constants of rutile 
increased and particles became polycrystalline. The com- 
pound ZrTiO; was formed most abundantly as the ratio 
ZrCl,/TiICl; approached 1 and the effective reaction 
temperature was raised. It was found that TiCl, accelerates 
the oxidation of ZrCl; and ZrCl, retards that of TiCl, in the 
vapor phase reaction of the TiCly-ZrCls-O» system. It was 
concluded that the formation process of TiO2-ZrO> particles 
consists of the preferential nucleation of TiO2 and the growth 
by codeposition of TiO. and ZrO). 


GRAIN GROWTH DURING SINTERING OF ALUMINA 
SUBSTRATES 


A. Bellosi and P. Vincenzini 


Short communication. 


DEVELOPMENT OF POROUS SINTERED-CERAMIC 
SEPARATORS FOR APPLICATION IN A Li-Al/LiCI- 
KCi/FeS BATTERY 


G. Bandyopadhyay, J.T. Dusek and T.M. Galvin 


The procedure for fabrication of porous sintered-ceramic 
separators and the technical feasibility of using such 
separators in Li-Al/molten LiCI-KCI/FeS battery cells have 
been investigated. Processing techniques have been 
developed to fabricate ~1.5-2.5mm_ thick, ~ 35-60% 
porous, flat, sintered Y.O; and MgO separator plates with 
sufficient strength to allow handling prior to and during cell 
assembly. These separators performed successfully in 
laboratory-scale cells for up to ~ 2000 h and 283 cycles, in- 
dicating that the concept of a sintered separator, is viable for 
Li-Al/FeS batteries. The particularly attractive features of 
these separators are potentially low cost, prefabricated form 
that allows easy cell assembly, and small pore size (average 
diameter 0.5-1.0 um) which provides good particle retention. 
The test results from the sintered-separator cells indicate 
that Y2O; is probably unsuitable for long-term performance 
in Li-Al/FeS cells because of its reaction with the positive ac- 
tive material. This is in agreement with the recently reported 
data on cells with Y2O; felt and powder separators. Sintered 
MgO separators, however, showed good chemical and 
mechanical stability in the cell environment. 


PHASE EQUILIBRIA IN THE Si, Al, Be/C, N SYSTEM 
G. Schneider, L.J. Gauckler and G. Petzow 


Phase equilibria studies in parts of the system Si, Al, Be/C, N 
were carried out at 1760 and 1860°C. In the carbide system 
AlsC3-SiC-Be.C seven new compounds were found and 
characterized by their chemical composition and crystal 
symmetry. In the nitride system AIN-Si;N4-Be3N> a solid solu- 
tion between AIN and BeSiN> was found to exist besides the 
already known compounds. The carbonitride system showed 
solid solution between a-AlsSiC, and a-AlsC;N. Furthermore 
the compound AIN«SiC+Al,C; was found to exist. 


CONTRIBUTION TO THE SYSTEM 
EUROPIUM-BORON-CARBON 


K.A. Schwetz, M. Hoerle and J. Bauer 


By means of chemical preparation techniques and x-ray 
analysis the ternary system Eu-B-C was studied, with special 
emphasis on the technologically important sections EuB,-C 
and EuB.-B,C. It was possible to prove the existance of a 
hexaboride-carbon solid solution EuB,s.C, (0<x<0.25), a 
ternary phase EuB2C>, the europium carbides EuC, 
(«Eu2C»), EuC>2, as well as another carbide of the approx- 
imate composition Eu2C3. 


POST-SINTERING OF REACTION-BONDED SILICON 
NITRIDE 


A. Giachello and P. Popper 


Reaction-bonded silicon nitride, RBSN, may be used as the 
starting material for a post-densification process carried out 
at about 1800°C in nitrogen at atmospheric pressure. The 
sintering aids used are similar to those employed in hot 
pressing and pressureless sintering (e.g. MgO, Y20;). They 
may be added to the silicon powder before nitridation or, in 
the case of MgO, by diffusing the vapour into preformed 
RBSN. High densities (98.5% theoretical) have been achiev- 
ed accompanied by a shrinkage of only 6.2%. The strength 
at R.T. was about 1000 MN/m‘’; the strength at H.T. depends 
on devitrification. The process thus offers complex com- 
ponents to be formed by injection moulding, with strength 
values after sintering similar to those of hot-pressed silicon 
nitride. 
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TRANSPARENT HOT-PRESSED ALUMINA 
ll: TRANSPARENT VERSUS TRANSLUCENT ALUMINA 


J.G.J. Peelen 


The optical properties of very dense hot-pressed alumina are 
compared with those of normally sintered alumina with equal 
pore volume. The influence of the pore size on the in-line and 
diffuse transmission of light through these materials is con- 
sidered. The concept of transparency and translucency is 
Critically discussed and it is demonstrated that alumina 
powder can be hot pressed to form a really transparent 
material. Relations between the degree of translucency and 
the microstructure and the preparation conditions of dense 
alumina are given 


EFFECT OF TITANATE ADDITIONS ON SINTERING 
TEMPERATURE OF AlI-0O, 


G. Wroblewska 


he effect of small additions of magnesium titanate, calcium 
nate, strontium titanate, and barium titanate on the sinter- 
temperature of aluminum oxide was investigated. The 
dependence of linear shrinkage and density on sintering 
temperature and dopant concentration and type was studied. 
-ray analysis, microscopic examination, and electron 
probe analysis indicate that sintering occurred through 

2 liquid phase and that Ti*~ diffused into the Al2O; grains. 
When CaTiO;, SrTiO;, and BaTiO; were added, the com- 
yds 3CaO-Al2O;, SrO-6Al20;, and BaO-6Al20; were 
The sintering temperature was reduced to 1500°C 
by adding less than 2 mol% of magnesium, calcium, stron- 


m, Or Darium titanate 


eae 


ON THE FRACTURE STRENGTH OF TAPE-CASTED 
ALUMINA SUBSTRATES 


Fiori, G. Fusaroli, A. Krajewski and P. Vincenzini 


EFFECT OF DATA SCATTER ON APPARENT THERMAL 
ibaa FAILURE MODE OF BRITTLE CERAMICS 


Ziegler and D.P.H. Hasselman 


~ Po 4 


munication 


GRAIN BOUNDARY SEGREGATION OF IRON IN 
POLYCRYSTALLINE MAGNESIUM OXIDE OBSERVED 


E.L. Hall, W.D. Kingery and J.B. Vandersande 
Jtilizing X-ray microanalysis in samples studied with scann- 
ng transmission electron microscopy, substantial grain 
segregation of Fe is found in grain boundaries in 

stal li ne MgO. Samples studied contained between 

cation ppm Fe. Grain boundary segregation in 

within 200 A of the boundary was found in all 

with the amount of segregation increasing with in- 
content. Samples slow-cooled from 1500°C 
increased amount of segregation attributed to 
diffusion during cooling. Samples quenched from 
howed greater segregation than those quenched 
°C, consistent with space charge theory. In some 
recipitates were observed which are correlated 
-temperature phase diagram for the solidus in the 
magnesium oxide system. In addition to Fe, grain 
egr egation of Ca and Si impurities in the samples 
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CHARACTERIZATION OF METASTABLE TETRAGONAL 
HAFNIA 


O. Hunter, Jr., R.W. Scheidecker and Setsuo Tojo 


Conditions for retaining metastable tetragonal HfO, at room 
temperature were determined. Mechanical properties were 
measured as a function both of the fraction of retained 
metastable HfO. and of the porosity. The metastable phase 
was retained by 1) thermal decomposition of pure Hf(OH), or 
HfOCl, and 2) hot pressing of HfO. + 1% Er.O;. The critical 
size for retaining pure tetragonal HfO, at room temperature 
in a stress free condition in 100 A, whereas the critical size 
for the 1% Er.0; hot pressed composition is significantly 
larger. The elastic moduli were found to vary linearly with 
porosity and showed a small effect due to the metastable 
phase presence. 


PREPARATION AND PROPERTIES OF NEW OXYGEN 
ION CONDUCTORS FOR USE AT LOW TEMPERATURES 


K. Keizer, M.J. Verkerk and A.J. Burggraaf 


Two new systems, BiO3-Er.0; and ZrO>-Y20; (CaO)-Bi20;3 
were investigated. The first system has a homogeneous 
cubic, fluorite phase between 17.5 and 45.5 mol% Er2O; and 
can be sintered to densities near 95% at 1200K. At 
temperatures between 700 K and 1000 K the highest value 
of the a.c. oxygen ion conduction in this system is twice as 
much as the highest value found in the literature. In the se- 
cond system concentrations of 1-3 mol% Bi2O; act as an ex- 
cellent sintering aid for ZrO2.-Y20; and ZrO)-CaO samples 
which can be sintered to densities higher than 95% at 
temperatures of 1350 K. During this procedure a liquid 
ZrO>-Bi.O; phase exists from which Bi2O; partly evaporates 


with increasing sintering time. The oxygen ion conduction is 
little affected by the Bi2O;-rich second phase. The influence 
of annealing procedures up to 1570 K on the conduction in 
the ZrO.-Y20;-Bi.O; system is small despite weight losses 
up to 4%. 


CHARACTERISTICS AND SINTERING BEHAVIOUR OF 
ZIRCONIA ULTRAFINE POWDERS 


K. Haberko 


Coprecipitation from water solution of chlorides was used to 
obtain yttria-stabilized zirconia powders. It was shown that 
precalcination processing of the coprecipitated gel greatly 
affects the microstructure of the resultant powder as well as 
its cold compaction behaviour and hence its sinterability. 
Relative densities of + 98% theoretical have been achieved 
at sintering temperature as low as 1300°C. 


SELF-DIFFUSION IN ALPHA AND BETA SILICON 
CARBIDE 


J.D. Hong, M.H. Hon and R.F. Davis 


The self-diffusion coefficients of '*C and *°Si have been 
measured for lattice transport in high purity and N-doped 
aSiC single crystals and in high purity polycrystalline CVD 6- 
SiC in the temperature range of 2123-2573 K. Grain boun- 
dary diffusion of '*C has also been determined in the 8-SiC 
material. The results of these studies reveal a vacancy 
mechanism wherein '*C diffuses considerably faster than 
*°Si in both materials. Furthermore, D. in the N-doped single 
crystals is smaller than for the undoped materials, while the 
opposite is true for the *’Si transport in these crystals. 
Changes in the concentration of the charged C and Si vacan- 
cies are reasoned to be the underlying cause of this last 
phenomena. A discussion of the effect of Si evaporation and 
its effect upon the value of the diffusion coefficient is also 
presented. 
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THE CORROSION OF TIN OXIDE SEMICONDUCTING 
GLAZES 


G. Bagnasco, P. Pernice and P. Giordano Orsini 


An SnO>2-Sb20; glaze, which seems the most promising 
among semiconducting porcelain glazes for high voltage ap- 
plications, has been operated as electrode in Na»SOx solu- 
tion, to study under controlled conditions its corrosion 
behaviour. The morphology of the corrosion has been 
observed by microscopy. Metallic tin produced by elec- 
trochemical reduction has been identified by X-ray diffrac- 
tion. 


YOUNG’S MODULUS-POROSITY RELATIONSHIP FOR 
ALUMINA SUBSTRATES 


G. De Portu and P. Vincenzini 


Short communication. 


SOME OBSERVATIONS ON OPACIFICATION IN K,0O- 
CONTAINING BOROSILICATE GLASSES 


H. Takashima 


Short communication. 
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HIGH TEMPERATURE STRUCTURAL CERAMIC 
MATERIALS MANUFACTURED BY THE CNTD PROCESS 


J.J. Stiglich, Jr., D.G. Bhat and R.A. Holz! 


Controlled Nucleation Thermochemical Deposition (CNTD) 
has emerged from classical chemical deposition (CVD) 
technology. This paper describes the techniques of ther- 
mochemical grain refinement. The effects of such refinement 
on mechanical properties of materials at room temperature 
and at elevated temperatures are outlined. Emphasis is 
given to high temperature structural ceramic materials such 
as SiC, Si3;Ny, AIN, and TiB2 and ZrB>. An example of grain 
refinement accompanied by improvements in mechanical 
properties is SiC. Grain sizes of 500 to 1000 A have been 
observed in CNTD SiC with room temperature MOR of 1380 
to 2070 MPa (4 pt bending) and MOR of 3450 to 4140 MPa (4 
pt bending) at 1350°C. Various applications of these 
materials to the solution of high temperature structural pro- 
blems are described. 


DEFORMATION MECHANISM MAPS FOR 
APPLICATIONS AT HIGH TEMPERATURES 


Terence G. Langdon 


Deformation mechanism maps provide a very simple and 
convenient method of displaying mechanical properties data 
at high temperatures. Several different types of maps are 
available, and these are discussed with reference to 
polycrystalline AlsO; and MgO. Ambipolar diffusion is impor- 
tant in ceramic materials, and this leads to four different 
types of diffusion creep which may be illustrated directly on 
the deformation mechanism maps. In practice, the accuracy 
of the maps depends on the purity level, and this is 
demonstrated by comparing maps for nominally pure Al,O; 
and Al,0; doped with MgO above the solubility limit. 


FRACTURE MECHANICS STUDY OF A 
TRANSFORMATION TOUGHENED ZIRCONIA ALLOY IN 
THE CaO-ZrO, SYSTEM 


R.C. Garvie, R.H.J. Hannink and C. Urbani 


The flexural strength, elastic modulus, fracture toughness 
(K;.) and grain size were determined for a partially stabilized 
calcia-zirconia alloy (Ca-PSZ) which was progressively aged 
at 1300°C. Data for the same properties were obtained also 
for a fully stabilized cubic magnesia-zirconia alloy (Mg-CSZ) 
which was used as a reference material. The growth of the 
zirconia precipitate phase in the Ca-PSZ material was 
monitored. The flexural strength and fracture toughness in- 
creased smoothly to peak values of 645 MPa and 9.6 MPa 
m'’?, respectively, at a critical value of the ageing time and 
thereafter declined rapidly. The precipitate phase coarsened 
during ageing. Its structure was tetragonal up until the 
critical ageing time and thereafter the majority of the par- 
ticles transformed to monoclinic. The peak strength increas- 
ed three times relative to the cubic stabilized material. The 
grain size and elastic modulus showed only a slight 
dependence on ageing time. The study confirmed the 
hypothesis that the enhanced strength of transformation 
toughened zirconia alloys arises from an increase in the frac- 
ture energy. This increase is brought about by the presence 
of tetragonal particles, metastable at room temperature 
which can be transformed by stress 


EFFECT OF POROSITY ON THE THERMAL SHOCK 
BEHAVIOUR OF REACTION-SINTERED SILICON 
NITRIDE 


G. Ziegler and J. Heinrich 


Reaction-sintered silicon nitride was investigated to deter- 
mine the effect of its pore size on thermal stress resistance to 
fracture initiation. Samples of controlled pore structure were 
prepared by using an organic component to incorporate 
pores in the green silicon compact as well as by using silicon 
Starting powders with different particle size 
temperature differences AT. after water quenching is 
discussed in relation to changes in most important variables 
affecting thermal shock, such as fracture strength, Young's 
modulus of elasticity and thermal conductivity. The results 
show that when total porosity as well as other microstructural 
parameters are held constant, an increase in pore size leads 
to a decrease in AT... Moreover, the results indicate that ther- 
mal conductivity plays a significant role in the interpretation 


a: fs 


of the thermal shock behaviour of reaction-sintered Si;N, 


Qf “il 
Critical 


THERMAL STRESS BEHAVIOUR OF YTTRIA, SCANDIA 
AND AIN CERAMICS 


G.A. Gogotsi 

Results of an investigation of ceramics based on yttria 
(Y203), scandia (Sc2.O3) and aluminum nitride (AIN) are 
given. Test procedures used for evaluating their mechanical 
behaviour as well as their thermal shock resistance on quen- 
ching and monotonic heating are described. Special em- 
phasis was placed on yttria from which one- and two-phase 
materials were fabricated. It was found that, of the materials 
studied, ceramics of AIN possessed the highest strength ana 
thermal shock resistance. The analysis involved also the use 
of data from fractographic studies. 


STUDIES ON THE APPLICATION OF HOT-PRESSED 
SILICON NITRIDE CERAMICS AS CUTTING-TOOLS 


Miao Ho-Cho, Chow Chia-Bao, Liu Yuan-Ho, Chiang Tso- 
Chao, Liu Kuo-Liang and Tang Chen-Huei 


Studies on the application of hot-pressed Si;Ns as cutting 
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tool were carried out and satisfactory results achieved. In 
cutting hardened tool steels, chilled cast iron, pure 
molybdenum and pyrolytic graphite, the tool life of Sis;N, cut- 
ting tools is several times as long as that of sintered carbide 
tools. In threading, the Si;Ns cutting tool also performs 
satisfactorily. In order to test its cutting property under shock 
load, a milling test was made. The results show that the Si;N, 
Cutting tool can resist the shock load in milling. In cutting 
cast iron with high cutting speed, the Si;N, cutting tool was 
also successful. These results indicate that hot-pressed 
Si;Ns is a cutting tool material which should be developed 
extensively 


SOME PHENOMENA OCCURRING IN BASALT GLASS 
FIBRES AT HIGH TEMPERATURES 


J. Rzechula and M. Grylicki 


It is well known that at high temperatures basalt glass wool 
looses its elasticity; crystalline phases appear and the fibres 
eventually disintegrate. Experiments reported here show 
that one of the factors responsible for this processes is ox- 
idation of Fe-~ to Fe°~ . Other possible physicochemical pro- 
cesses, which can effect the behaviour of basalt glass fibres 
at high temperatures were also analysed. 


INTERACTION BETWEEN CREEP, OXIDATION AND 
MICROPOROSITY IN REACTION-BONDED SILICON 
NITRIDE 


G. Grathwohl and F. Thimmler 


Kinetic studies have been performed on primary and secon- 
dary (minimal) creep of reaction-bonded silicon nitride in 
4-pt-bending tests up to 1500°C. The creep deformation 
depends strongly on the extent of internal oxidation. In spite 
of the very marked dependence of the creep rate on material 
and pretreatment parameters, the stress exponents 
(n=1.7-1.8) and activation energies (360-390 kJ/mole) are 
hardly influenced, suggesting similar creep mechanism. 
Creep deformation is provided by relative motion and 
separation of grain boundaries. Oxidation and deformation 
lead to remarkable changes of the pore size distribution; the 
creep processes are accompanied by deformation of the 
pores. The creep rupture strain is very limited in highly creep 
resistant materials and vice versa. Methods for the deter- 
mination of oxidation products and oxide profiles along sam- 
ple cross section have been developed and the chemical 
changes which the material can undergo during creep are 
Outlined 


ON THE « TO 8 PHASE TRANSFORMATION AND 
GRAIN GROWTH DURING HOT-PRESSING OF Si:N; 
CONTAINING MgO 


H. Knoch and G.E. Gazza 


The a/8 phase transformation and correlated grain growth 
during hot-pressing of silicon nitride containing MgO has 
been studied. The reconstructive transformation appears to 
be reaction controlled with the rate dependent on the amount 
of pre-existing 8 phase and a/liquid/f interface formed dur- 
ing hot-pressing. The microstructure of the dense, hot- 
pressed product, i.e. grain size, shape, and distribution, is in- 
fluenced by the starting a/@ ratio and nucleation rate of the 3 
phase. Different growth rates perpendicular and parallel to 
the crystallographic c-axis of 8 result in an elongated 
microstructure. Increasing the hot-pressing pressure in- 
creases the transformation rate as a consequence of the 
enhanced nucleation rate of 3. This produces a fine, uniform 
microstructure with good mechanical strenght. If hot- 
pressing time is extended beyond that required for a/8 con- 
version, coarsening of the 6 grains will degrade mechanical 
properties. 


EXPANSION DURING THE REACTION SINTERING OF 
PTZ 

Yoshikazu Nakamura, Sudhir S. Chadratreya, and Richard 
M. Fulrath 


Expansion during the reaction sintering of PTZ from PT and 
PZ constituents was studied at different temperatures: com- 
positional and particle size effects were observed. The ex- 
pansion is related to the size of the PT particles present and 
exhibits a maximum at 50 mole % PT for equal sizes of PT 
and PZ. 


KINETICS OF THE THERMAL DECOMPOSITION OF 
KYANITE 


H. Schneider and A. Majdic 


The kinetics of the solid state high-temperature transforma- 
tion of kyanite (Al,SiO; = AlxO3-SiO2) powders (<40 um) to 
3:2-mullite (Al20;-2SiO>2) and silica (SiO2) were investigated 
by means of quantitative X-ray diffraction techniques. The 
transformation interval was found to lie between about 1150 
and 1350°C. The reaction law best fitting the kinetic data is: 
1-a=kt". The trasformation is believed to be reconstructive, 
with decomposition of the kyanite structure, solid-state atom 
diffusion, and (epitactic) rearrangement of mullite and 
cristobalite. Cristobalite represents part of the «free» silica, 
the rest being present as a glassy phase. Addition of Fe2O; 
and TiO; to the starting material exerts a marked decrease of 
the transformation temperature, with TiO, having a 
somewhat stronger influence than Fe2O3. The reason may 
be an oxide-catalyzed reaction; the decomposition begins at 
nuclei formed at the surfaces of the kyanite particles, which 
are coated with thin layers of hematite and rutile respective- 


ly. 


ELECTRON MICROSCOPY OF SOME WOLLASTONITE 
BASED PORCELAINS 


C. Coma Diaz, J.M?# Gonzalez Pena and D. Alvarez-Estrada 


Electron microscopy studies were made on five calcium 
porcelains whose starting batches consisted of kaolinite 
clay, wollastonite and a lead borate frit. Transmission and 
scanning electron microscopy, as well as X-ray energy 
dispersive microanalysis were used. The mineral composi- 
tion of the resulting porcelains was found to be primarily 
anorthite, wollastonite and quartz. Anorthite, the most abun- 
dant crystal phase, was found to be present in a wide range 
of sizes and shapes, suggesting that it is formed in these 
porcelains by more than one mechanism. This may be 
related to the presence of a vitreous phase of special 
characteristics. It seems possible to direct the growth of the 
anorthite crystals, not only towards different sizes but also 
towards specific shapes for the purpose of inducing conve- 
nient microstructures. 


THERMAL INSULATIONS FROM RICE HUSK ASH, AN 
AGRICULTURAL WASTE 


P.C. Kapur 


Rice husk ash, an agricultural waste material, is available in 
large quantitaties in the rice paddy growing countries of the 
world at little or no cost. This ash is highly porous, mostly 
silica and possesses refractory and thermal insulation pro- 
perties. It is therefore an attractive starting raw material for 
the manufacture of low to moderate cost thermal insulations 
for dryers, ovens, kilns and furnaces, including those 
employed in the ceramic industry. This paper deals with 
manufacture, properties and usage of a spectrum of low to 
high temperature thermal insulations and insulating refrac- 
tories that can be made from rice husk ash, namely; (i) 
Calcium ferrite bonded porous silica refractory; (ii) Sodium 
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silicate bonded porous silica refractory; (iii) Fired and 
chemically bonded forsterite insulating refractory; (iv) 
Hydraulic setting calcium silicate / silica thermal insulation. 


PREPARATION OF CORUNDUM AND STEATITE 
CERAMICS BY THE FREEZE-DRYING METHOD 


A. Kwiatkowski, K. Reszka and A. Szymanski 


The flexural strenght and surface and fracture structures of 
ceramics samples dried by the traditional thermal method 
were compared with those of equivalent samples dried by 
the freeze-drying method. The freezing temperatures of the 
corundum, mullite and steatite slips, were determined. Dry- 
ing by the freeze-drying technique resuited in smoother sam- 
ple surfaces and increased flexural strenght of the corundum 
and mullite ceramics. 


FORMATION AND PROPERTIES OF GLASS-MICA 
COMPOSITE MATERIALS 


Normal L.P. Low 


Glass-mica composite material of different physical struc- 
tures has been developed from mixtures of recycled soda- 
lime waste glass powder and a locally produced phlogopite- 
type mica powder by a simple sintering process at 
temperatures above 780°C for 30 minutes or longer. The 
composite material can be fabricated into products having 
either a cellular-structure consisting of both closed and open 
cells or a highly densified ceramic structure having very little 
porosity. The fabricated glass-mica composite product with 
the densified ceramic structure is found to have a com- 
pressive strength higher than 53 MN/m? and thermal con- 
ductivity values in the range of 0.198-0.250 W/m, °C when 
measured over the temperature range, 25-180°C. These 
mechanical and thermal properties are found to be superior 
than those of the conventional building materials, such as 
concrete, masonry products and cement mortar. This sug- 
gests that the glass-mica composite is a potential material for 
building construction applications because it could con- 
tribute to energy conservation. 


HOT PRESSING OF SILICON NITRIDE WITH CERIA 
ADDITIONS 


G.N. Babini, A. Bellosi and P. Vincenzini 


Hot pressing kinetics, a/8 conversion reaction and 6 - phase 
texture were studied for (1 - 20) wt% CeO» - Si;N; composi- 
tions hot pressed at T = 1823+ 1973 K and P,=14.7+39.2 
MNm ’, in a nitrogen atmosphere. Sintering is likely to oc- 
cur in the presence of an intergranular cerium orthosilicate 
Ces 67(SiO4)30 liquid phase by a multicomponent mechanism 
including rheologic rearrangement, solution / reprecipitation 
and grain boundary sliding. The same solution / diffusion / 
reprecipitation mechanism seems to apply for densification 
and for the a/8 conversion reaction in the early stages of hot 
pressing. An appreciable dependence of the @ - phase tex- 
ture on hot pressing parameters and amount of liquid phase 
is also featured. 


THE PREPARATION AND PROPERTIES OF STRONTIUM 
ZIRCONATE CERAMICS FOR CHANNELS OF 
OPEN-CYCLE MHD GENERATORS 


M. Zborowska, M. Grylicki and J. Zborowski 


A two-stage procedure of preparation of dense strontium Zir- 
conate ceramics capable of being used as electrically in- 
sulating material in MHD generators is described. A small 
addition of TiO. was introduced at the first stage to favour 
development of the properties, especially low apparent 


porosity, required for MHD purposes. The effect of TiO2 on 
sintering temperature, phase composition and microstruc- 
ture of the bodies is described. Properties of the resulting 
ceramics i.e. porosity, cold crushing strength, microhard- 
ness as well as electrical conductivity over the temperature 
range of 20-2000°C were measured. The results of suc- 
cessful testing of these ceramics in the channel of an ex- 
perimental MHD generator are presented. 


FORMATION AND TRANSFORMATION OF ALKOXY- 
DERIVED BaB.0, 


O. Yamaguchi, K. Tominaga and K. Shimizu 


Barium metaborate was formed by the simultaneous 
hydrolysis of barium and boron alkoxides. The dehydrated 
compound of the as-prepared BaB.O, is termed 7-BaB2Os. 
The IR pattern of yBaB.O, was able to be ascribed to a chain 
anion made up of (-BO>-)~ units. The transformation of y- in- 
to 6-BaB2O, and of 8- into a-BaB.O, was observed at 
590-650°C and 870-940°C, respectively. From the results of 
the high-temperature X-ray analysis as well as the DTA data, 
both transformations were found to be irreversible. Transfor- 
mation isotherms of y- into 6-BaB.O, were described by the 
first-order equation and activation energies were determined 
as 69 kcal/mol and 48 kcal/mol for nucleation process and 
propagation process, respectively. The kinetics of transfor- 
mation of 8- into a-BaB2O, was best interpreted by the con- 
tracting cube equation. Activation energies were 126 
kcal/mol and 76 kcal/mol for initial and final stages, respec- 
tively. 


PHASE EQUILIBRIA IN THE SiO2-TiO, BINARY AND THE 
EFFECT OF TiO: ON THE a-G TRANSFORMATION IN 
CRISTOBALITE 


S. Kaneko, H.N. Tran, Y. Kubo and F. Imoto 


The solid solubility of TiO. in cristobalite at 1450°C is ~ 4.7 
wt%. The variation of the lattice constant and of the a-3 
transformation temperature of cristobalite with increasing 
TiO» content was also studied. 


NEW APPROACHES TO PORCELAIN DOSIMETERS FOR 
MEASURING FAST NEUTRON FLUXES 


M.A. Fadel, |.A.F. Wafa and D.S. Al-Alousi 


The induced damage effects of 14.3 Mev neutron fluxes on 
quartz-based porcelain and alumina-based porcelain were 
studied using X-ray diffraction analysis and electric, resistivi- 
ty measurements. The results showed that both the degree 
of crystallinity and the electric resistivity of the samples 
decreased upon irradiation. Resistivity values plotted as a 
funcion of neutron flux proved to fit semi-empirical formulae 
that could be used for measuring neutron fluxes 
(10'°-2x10'' n/cm’) in the presence of gamma radiation 
(up to 5 megarads). Moreover, plots of the area under the X- 
ray peaks as a function of neutron flux were found to fit em- 
pirical formulae which could be used for the sample purpose. 
The effect of storage at temperatures up to 50°C and for 
periods of up to 2 weeks on the radiation induced changes in 
the porcelain were studied. 


EFFECT OF MgO AND NiO ON THE SINTERING OF SLIP 
CAST ALUMINA 


N.A. Haroun 
Similar to pressed compacts, slip cast alumina can be 


sintered to near theoretical density if minor additions of MgO 
or NiO are made. Sintering kinetics of alumina were analyz- 
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ed in terms of the Wong and Pask model which was shown to 
give the more realistic representation of powder compacts. 
The rate controlling step with and without additions is the 
migration from the neck along the pore surface rather than 
diffusion along the grain boundaries to the neck. Both MgO 
and NiO retard mass transport probably due to changes in 
surface energy. However, they allow sintering to near com- 
plete densification. Although grain growth limitation via se- 
cond phase inclusions or solute segregation is expected, the 
final density improvement was shown to result from modify- 
ing pore kinetics such that the pores remain attached to the 
grain boundaries during grain growth until complete den- 
sification 


PHENOMENA AT THE POWDER-WALL BOUNDARY 
DURING DIE COMPACTION OF A FINE OXIDE POWDER 


S. Strijbos 


Fine powders (particle size smaller than 0.1 um) are often us- 
ed for the fabrication of modern fine-grained ceramics. Dur- 
ing die compaction of such fine powders, special phe- 
nomena at the powder-wall boundary can be expected 
because the size of the particles is of the same order as the 
size of the wall asperities. In the present paper, the prin- 
ciples of powder mechanics are applied to experimental 
results obtained with a fine ferric oxide powder. The ap- 
pearance of a dense boundary layer on the surface of com- 
pacts could be related to the occurrence of powder failure 
during compaction at the die wall. 


CHARACTERIZATION OF METALLIZED CERAMIC 
INTERFACES 


D.E. Clark and S.M. Clark 


Using a variety of surface analytical tools, the interfaces of 
several metal-ceramic composites have been characterized. 
Three processes that lead to the bonding of a metallizing to a 
ceramic substrate are illustrated. When a pure refractory 
metallizing is deposited onto a 94% Al2O3, bonding is achiev- 
ed by glass migrating from the ceramic into the metallizing 
during firing. During cooling, the glass forms a mechanical- 
chemical bond between the ceramic and metallizing. In order 
to achieve bonding to a 99* % Al,O; or 99° % BeO, the 
metallizing itself must contain a sufficient quantity of glass 
for wetting the ceramic, or be capable of forming a direct 
chemical bond to the ceramic. 


YOUNG’S MODULUS OF SILICON NITRIDE HOT 
PRESSED WITH CERIA ADDITIONS 


G. De Portu and P. Vincenzini 


Possible relationships between Young’s modulus at room 
temperature of (1-20) wt% CeQ>-fluxed HPSN and some 
microstructural features such as amount of the intergranular 
phase, porosity, a/@ ratio and crystallographic 6 texture 
have been investigated. The dependence of Young's 
modulus on amount of integranular phase expressed in 
terms of the Cohen-ishai model resulted in the relation: 
E=98.0 [1+ Vx/(1.45—Vw'?)] GN/m?. A quadratic relation- 
ship, E = 290.0 (1—AP + BP”), proved the most adequate to 
account for the effect of porosity on Young’s modulus over 
the 0-36% porosity range. a/ ratio and 8 texture did not 
seem to have an appreciable effect. 


HOT FORMING OF DOLOMITE BRIQUETTES 
W. Piatkowski and B. Rozanowski 


Results of experiments to study the production of dolomite 


clinker having a density close to the theoretical density of 
pure sintered dolomite are discussed. Density values are 
reported for samples obtained by the following process: 
decarbonization of dolomite, hot briquetting at 300-700°C, 
firing the semi-product at 1500°C. A similar procedure was 
also developed using salt-doped dolomite. The technology 
used leads to especially good results when dealing with 
‘hard to sinter’ dolomites. It also avoids the necessity to use 
extremely high temperatures for the sintering process, thus 
making the process more economical from the point of view 
of energy consumption. 


AN ALTERNATIVE TECHNOLOGY FOR MAKING 
CARBON CONTAINING BASIC REFRACTORIES 


T. Rymon - Lipinski 


A new technological procedure is outlined involving a hot 
pressing operation at 400-500°C; this operation, carried out 
using existing commercial equipment, can replace the tradi- 
tional high temperature sintering of basic raw materials. Test 
results indicating the optimum conditions for hot pressing 
are given along with some characteristics of the resulting 
materials. 


REFRACTORY AND ELECTRIC INSULATING 
MATERIALS BASED ON NON-METALLIC NITRIDES 


P.S. Kisly, M.A. Kuzenkova, L./. Prikhod’ko and V.K. 
Kazakov 


Non-metallic nitrides and alloys based on them are used as 
refractory and electric insulating materials in modern high 
temperature technology. The properties of these materials 
depend on powder production techniques and on 
technological industrial processes. With efficient control of 
production conditions and chemical composition, materials 
of given property levels can be obtained. 


HIGH-PRESSURE SINTERING OF SILICON NITRIDE 
M. Shibata, N. Kinomura and M. Koizumi 


Short communication. 


THE REACTIONS OF SILICON NITRIDE WITH 
VANADIUM OXIDES 


M.B. Trigg and E.R. McCartney 


Short communication. 


FORMATION AND GROWTH PROCESSES OF RARE 
EARTH NIOBATES AND PHOSPHATES 


|.A. Bondar’, M.G. Degen, L.P. Mezentseva and L.N. 
Koroleva 


Short communication. 


PRECIPITATION OF CeO, CRYSTALS IN A GLASSY 
OXIDE PHASE FORMED DURING OXIDATION OF 
CeO,-DOPED HOT PRESSED SILICON NITRIDE 


G.N. Babini, A. Bellosi and P. Vincenzini 


Short communication. 
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PHASE RELATIONSHIPS, ELECTRICAL 
CONDUCTIVITIES AND VAPORIZATION RATES IN THE 
SYSTEM La(Fep <Cro ;)O3-Sr(Feo sCro.s)O3:-SrZrO; IN AIR 


T. Sasamoto, W.R. Cannon and H.K. Bowen 


The properties of the mixed perovskite (La,Sr)FeO;,SrZrO; 
with LaCrO; additions were investigated. In general, an in- 
creased melting point is achieved with these additions 
without significant change of the electrical conductivity. 
However, phase separation into end-member compounds 
was observed up to 1700°C. The vaporization rates were 
measured for several compositions by the weight loss at 
1700°C in still air, and it has been found that the additions of 
SrZrO; up to 20 mol% reduced the vaporization rate greatly. 


EFFICIENCY OF CERAMIC ABSORBER COATINGS FOR 
SOLAR-THERMAL CONVERSION 


Seung-Am Cho, Raymond Fookes and Charles A. Garris 


Local solar constants both at 1750 m altitude and at sea level 
were measured by a simple and cheap, but practical water 
calorimetric technique, and its reliability has been proved. 
From the incident solar energy flux, solar absorptances of a 
semipolished metallic copper surface, fourteen common ox- 
ides, one sulfide and two local minerals, laterite and 
hematite, all sprayed on copper substrates, have been 
measured. All the absorptance data are presented in order of 
merit. 


PREPARATION AND PROPERTIES OF NEW SILICON 
OXYNITRIDE BASED CERAMICS 


M. Billy, P. Boch, C. Dumazeau, J.C. Glandus and 
P. Goursat 


Silicon oxynitride based ceramics containing magnesia or yt- 
tria additives were prepared by hot-pressing. Their proper- 
ties are very similar to those of related silicon containing 
nitrogen ceramics, with special reference to mechanical pro- 
perties, thermal shock resistance in particular. The oxidation 
resistance of these materials exceeds that of Si;N, and by 
using Y2O; as a densification additive, the limiting 
temperature for utilization in air is about 1600°C. 


ALKALINES VAPOUR ATTACK ON A HIGH ALUMINA 
REFRACTORY 


E. Criado, J.S. Moya and S. De Aza 


The sequence of attack by vapours of Na»CO; and K;CO; 
under oxidizing conditions on plates of a high alumina refrac- 
tory (98%) bounded with calcium hexaluminate was studied. 
The damage caused by alkaline attack was evaluated and 
the results obtained compared with data reported in the 
literature on experiments done under reducing conditions. 


EFFECT OF THE MAIN WHITEWARE COMPONENTS ON 
THE DISSOCIATION OF BARITE 


Tahany El Adly, Doreya M. Ibrahim and Mohamed 
T. Hussein 


The effect of certain whiteware constituents clay, quartz, 
feldspar or alumina on the dissociation of barite was studied 
by thermogravimetric analysis of two series of powder mixes. 
In addition discs of the powders were semi-dry-pressed and 
their weight loss determined. The dissociation process of 
barite is influenced by two reactions which occur with in- 
creasing temperature. A solid state reaction occurs at 600°C 


in the presence of all additions and results in a slight loss in 
weight. The products of this superfacial reaction hinder reac- 
tion between the barite grains and quartz until 1000°C is 
reached. In the case of clay, this reaction proceeds slowly up 
to 1200°C. A second reaction starts at 1250°C where a liquid 
phase is present, accelerating the dissociation process. 
Alumina appears inert even at 1250°C. Only 50.4% of the 
Original amount of barite in mixes reacted with the clay and 
even less reacted with feldspar and quartz. The main 
crystalline phases detected were barite together with sanbor- 
nite or mullite and celsian. 


BARITE AS A MAIN CONSTITUENT IN WHITEWARE 
COMPOSITION 


Tahany El Adly, Doreya M. Ibrahim and Mohamed 
T. Hussein 


Two series of mixes lying in the field of celsian 
BaO-Al:03*2SiO2 in the ternary system BaO-Al,0;-SiO; 
were investigated. These compositions were obtained using 
35 to 60% barite together with either clay and feldspar or 
clay, feldspar and quartz. The amount of unreacted BaSOs, 
was determined by chemical means. The effect of barite ad- 
dition on physical properties, reversible linear thermal ex- 
pansion and modulus of rupture of the produced bodies was 
verified. Results showed that 35 to 40% barite was consum- 
ed in the reaction with other constituents forming celsian 
BaO-Al,03*2SiO2 and sanbornite BaO+2SiO,. Higher addi- 
tions of barite left unreacted BaSO,; as a constituent of the 
fired product. Unreacted barite increased the bulk density, 
2.2-2.9 g/cm’, raised the linear thermal expansion coeffi- 
cient, 4.2-8.5 10 °/°C, between 20-1000°C and lowered the 
modulus of rupture, 450-180 kg/cm’. 


OPTICAL PROPERTIES OF LOW-TERMPERATURE 
B.O;-AND ZrO>-OPACIFIED GLAZES 


O.S. Grum-Grzhimailo 


A method for the quantitative determination of the Light Scat- 
tering Capacity (LSC) of glazes is described. Using equa- 
tions previously employed for milky white glasses, a method 
was developed for defining the LSC of low melting borozir- 
conium glazes. Is is shown that this method may be taken as 
a basis for use with regard to any other glaze. The evidence 
indicates that an exponential dependence exists between 
the amount of the opacifyng crystalline phase and the LSC of 
the investigated glazes. 


EQUILIBRIUM MOISTURE DIAGRAMS FOR THE DRYING 
OF CLAYS 


P. Balint, B. Szoke, Z. Juhasz and T. Skvorecz 


The values of equilibrium moisture content shown by desorp- 
tion isotherms of the clays are of utmost importance for 
ceramic drying processes. The desorption isotherms — the 
course of which depends on the mineral composition of the 
Clays, as well as on the parameters of drying — facilitate the 
optimization of the drying processes. With the aid of the 
diagrams, the drying parameters required for obtaining the 
prescribed equilibrium-, resp. final moisture content of the 
dry product can be selected and the equilibrium moisture 
content obtainable at the given drying parameters can be 
easily determined. Examples are given for five different clay 
sorts. 


BLOATING OF SLIP CAST MgO 
N.A. Haroun and M.A.A. El-Masry 


Short communication. 
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COMPOUNDS IN THE Na>0-Y,0;-Si0, SYSTEM 
F. Cervantes Lee, J. Marr and F.P. Glasser 


Data on the synthesis and characterization of six ternary 
phases in this system are presented. NaYoSieQ2. is confirm- 
ed as having the apatite structure: 39 indexed powder reflec- 
tions are given. The synthesis of Na:YSi.O- is reported, 
together with unindexed powder data. Much interest centres 
about the sodium-ion conductor, NasYSisOj2, for which in- 
dexed powder data are presented. This phase is shown to be 
one of a family of compounds which have the general for- 
mula Naos-3.¥.Si;20%6. In this notation, x = 3 for NasYSi4gO12. 
At least three other phases are stable up to liquidus 
temperatures and characterization data are presented for 
NaoYSisOj (x = 2), NasYSi;O05 (x = 4) and NaYSi2O0¢ (x = 6). 


)-ALUMINA OBTAINED BY ARC PLASMA SPRAYING: 
A STUDY OF THE OPTIMIZATION OF SPRAYING 
CONDITIONS 


M. Vardelle and J.L. Besson 


y-alumina massive samples have been made by arc-plasma 
spraying. Measurements of the temperature and the velocity 
of the plasma stream as well as surface temperatures and 
velocities of the alumina particles have been performed 
which have identified relations between the microstructure 
and crystallography of the deposits and the working condi- 
tions of the arc-plasma spraying device. After optimization of 
the process, samples 98% dense and containing less than 
2% of a phase have been obtained. 


CERAMIC ELECTRODES FOR PHOTOELECTROLYTIC 
DECOMPOSITION OF WATER 


J.M. Kowalski and H.L. Tuller 


In the last decade a number of semiconducting oxides have 
been identified which serve as essential components in the 
photoassisted electrolytic decomposition of water to produce 
hydrogen fuel. To date, this attractive process still suffers 
from relatively low solar energy conversion efficiencies. In 
this paper we outline the operating principles characterizing 
pnotoelectrolytic cells, and discuss those materials proper- 
ties which appear most relevant to their efficient operation. 
Recent data obtained for BaTiO; and other photoelectrodes 
are presented which illustrate the importance of materials 
preparation 


PROPERTIES OF SOME HIGH ALUMINA 
REFRACTORIES OBTAINED FROM DIFFERENT 
ALUMINA SOURCES 


Ibrahim Nasr, F.M. Abdel-Kader and H.K. Embabi 


Within the same alumina level, refractories made using dif- 
ferent sources of alumina vary widely in their densification 
and refractory properties. Refractories based on the more 
volume stable synthetic mullite and sillimanite grains are 
dense and more creep resisting than the continuously 
bloating easily deformed bauxite ones. The mineralogical 
composition of the grog grain used and the matrix developed 
in a fired brick appears to be the most important factor deter- 
minings its resistance at high temperatures. 


SINTERING CHARACTERISTICS OF CHINESE 
BAUXITES 


Zhong Xiangchong and Li Guangping 


The sintering behaviour of Chinese bauxites of the diaspore- 
kaolinite type proceeds in three stages, viz: decomposition 


stage (400-1200°C), secondary mullitization stage 
(1200-1400 or 1500°C) and recrystallization sintering stage 
(above 1400 or 1500°C). The sinterability of different grades 
of bauxites is dependent on the Al2O; content. The closer is 
the composition of calcined bauxite to that of mullite, the 
more difficult is it to sinter. It is postulated that secondary 
mullitization and liquid phase action are the two principal fac- 
tors influencing the sintering of these bauxites. Grade II 
bauxites characterised by maximum secondary mullite for- 
mation and relatively low glass content are found to be most 
difficult to sinter. 


NEPHELINE SYENITE-TALC LOW TEMPERATURE 
VITRIFIED BODIES 


D.M. Ibrahim, E.H. Sallam, A.A. Khalil and S.M.H. Naga 


Compositions in the system, talc-nepheline syenite-quartz- 
china clay (Kaolinite) were studied. The content of nepheline 
syenite was kept constant, 25%, while talc was added in the 
range of 5-15% at the expense of quartz. This study extend- 
ed the range of fusible talc/nepheline mixes from 15 to 28%. 
The content of talc dissolved in the glassy phase is limited to 
3-4%. Addition of talc to the compositions caused the 
dissolution of mullite and increased the glassy phase. The 
addition of nepheline syenite counteracts the effect of talc on 
the thermal expansion coefficient of the bodies. 


KINETICS OF THE FORMATION OF ALKOXY-DERIVED 
MgO-2TiO, AND MgO-TiO> 

Osamu Yamaguchi, Shigeharu Yamamoto and Kiyoshi 
Shimizu 


The compounds of MgO+2TiO> and MgO-TiO2 were formed 
directly from mixed powders prepared by the simultaneous 
hydrolysis of magnesium and titanium alkoxides. Both 
crystallization isotherms were described by the first-order 
equation - In(l—f)=k (t—t.). Activation energies correspon- 
ding to nucleation and propagation are 57 kcal/mol and 21 
kcal/mol with MgO«2TiO> and 61 kcal/mol and 29 kcal/mol 
with MgO-TiO>, respectively. 


PETROGRAPHIC AND X-RAY IDENTIFICATION OF 
PHASES FORMED BY OXIDATION OF SILICON 
CARBIDE 


V.A. Lavrenko, S. Jonas and R. Pampuch 


Short communication. 


OXIDATION OF SILICON NITRIDE HOT PRESSED WITH 
CeO, AND SiO, ADDITIONS 


G.N. Babini, A. Bellosi and P. Vincenzini 


(CeO, + SiO2)-doped hot pressed silicon nitride shows 
parabolic oxidation kinetics in dry flowing air at T=773 to 
1673 K. Possible oxidation mechanisms have been propos- 
ed. The apparent activation energy for oxidation (~ 350 
kJmol  ') suggests migration of impurity cations through the 
grain boundary phase to the silicon nitride/oxide reaction in- 
terface as the probable rate-limiting step. The very low 
solubility of cerium in silicate melts appears to be an impor- 
tant factor for oxidation. Cristobalite and ceria were the main 
crystalline oxidation products, the genesis and morphology 
of CeO, crystals being strictly related to oxidation 
temperature and cooling rate. A previously unknown hex- 
agonal high-temperature form of ceria crystallized in 
samples subjected to very fast quenching. 
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INFLUENCE OF MIXING MEDIUM ON SINTERING AND 
COUPLING COEFFICIENT OF PZT CERAMICS 


Michihiro Nishioka, S.S. Chiang, Richard M. Fulrath and 
Joseph A. Pask 


Mixtures of PZT, PbO and a water solution of PVA were 
prepared with distilled water and isopropyl alcohol. Better 
cold pressing behavior and more uniform microstructures 
free of large pores were obtained with use of the alcohol. 
Nature of grain boundaries was essentially unaffected as in- 
dicated by K, measurements. 


THE SUBSOLIDUS PHASE EQUILIBRIA AND MELTING 
TEMPERATURES OF MgO-AI,0;-SiO2 COMPOSITIONS 


R.M. Smart and F.P. Glasser 


Phase equilibrium relations in the MgO-Al2.O;-SiO2 system at 
1 bar pressure are strongly temperature-dependent. Informa- 
tion obtained from a study of 53 compositions has been com- 
bined to show a series of isothermal sections at 1350, 1450, 
1470, 1490, 1525 and 1575°C. The compositions of synthetic 
sapphirines may be represented by the general formula 
Mg-Alz2-,SiOo.7sxO40: depending upon temperature, x may va- 
ry from ~ 1.5 to ~ 5.6. Assemblages which at lower tempera- 
tures contain cordierite and corundum, give way to assembla- 
ges containing spinel and mullite at higher temperatures. 


ELECTRO-MECHANICAL DEGRADATION OF 
POLYCRYSTALLINE BETA-ALUMINA 


Kuo Chu-Kun and Li Shan-Tin 


Deposition of metallic sodium under conditions of current flow 
of sodium ions through beta-alumina ceramics is an important 
cause of their breakdown when the solid electrolyte is used as 
a separator in various electrochemical devices. Cells of diffe- 
rent combinations: Na/Beta-Alumina/Na amalgam, Na/Beta- 
Alumina/Cu (probe), and Na/Beta-Alumina/Na, etc. have 
been investigated for sodium deposition at room temperature 
and at 350°C. A method is presented by which the progress of 
sodium deposition may be followed. A mechanism of forma- 
tion of sodium deposition centers at impurity rich spots and 
other defect sites has been proposed. 


CRYSTALLOGRAPHIC CHARACTERISTICS OF THE 
SOLID SOLUTION SrCeO;-BaCeO; 


V. Longo, D. Minichelli and F. Ricciardiello 


Short communication. 


THE INVESTIGATION OF HIGH-TEMPERATURE 
STRENGTH OF SiC BASED REFRACTORIES 


M. Komac 


The Brew-Instron apparatus was used in order to investigate 
the temperature dependence of bend strength of SiC based 
refractories in the range from room temperature up to 
1400°C. The results obtained show that the strength of the 
samples strongly depends on the type and amount of bon- 
ding phase used (silicate, nitride) as well as on the grain size 
and the grain size distribution of the SiC phase. Nitride bond- 
ed materials are superior to silicate bonded and by decreas- 
ing the SiC grain size the high-temperature strength can be 
markedly increased. The extent of deformation is governed 
mainly by the SiC grain size, whereas the amount of binder 
phase does not influence it significantly. The results are 
discussed with reference to other methods which are used to 
characterize the performance of the refractories. 


FERROELECTRIC FERROMAGNETICS 
R. Rottenbacher, H.J. Oel and G. Tomandl 


Composite materials MgMn-ferrite/BaTiO; prepared by con- 
ventional powder technology behave as ferroelectric fer- 
romagnetics at room temperature in a range of compositions 
from 30:70 to 50:50 w/o. 


PROGRESS OF CERAMIC RESEARCH IN THE 
SHANGHAI INSTITUTE OF CERAMICS, ACADEMIA 
SINICA 


Tung-Sheng Yen 


Research activities in the Shanghai Institute of Ceramics of 
the Chinese Academy of Sciences started in the early fifties 
after the founding of the People’s Republic of China. The In- 
Stitute is now an establishment devoted essentially to studies 
of inorganic materials with a broad spectrum of research pro- 
jects relating to single crystal studies, glass (amorphous 
material) research, oxide and non-oxide ceramics research, 
ferroics studies, fast-ion conductor research, inorganic 
coating materials studies and research on ancient Chinese 
porcelain and glazes. Problems concerned with processing, 
characterization, microstructure and properties are involved. 
Other major branches of ceramic science and engineering 
are being studied in other institutions run by the Building 
Materials, Light Industries and Metallurgy Departments of 
the Government and some Universities and Institutions of 
Technology. This review gives an account of the works that 
are being carried out in the Shanghai Institute. It is, however, 
not intended to be a complete coverage. 


MICROCHEMICAL COMPOSITION AND CELL 
DIMENSIONS OF MULLITES FROM REFRACTORY- 
GRADE SOUTH AMERICAN BAUXITES 


H. Schneider and K. Wohlleben 


Two different types of mullite could be determined in dif- 
ferently coloured fragments of South American bauxites: — 
Mullites, occuring in light bauxite fragments with low impurity 
contents (L£ wt% (Fe.O;+ TiO2)<2.5), and cell dimensions 
close to that of 3/2 mullite, the b parameter being slightly 
shorter. — Mullites, occurring in grey to dark grey, and in 
brown bauxite fragments, with high impurity contents (L wt% 
(Fe20;+ TiO2)<4,0) and a and c cell dimensions close to 
those of 2/1 mullite. The b constant of these mullites is slight- 
ly expanded with respect to impurity free mullites. Increasing 
impurity contents in mullite are linearly correlated with a b 
expansion. The expansion was structurally explained with a 
substitution of Al’* by Fe** and Ti** at octahedral lattice 
sites, which causes stretching of the AlO.« octahedra along to 
the elastic Al,;-Dp bond in mullites which is 30° to either side 
of b. The substitution-produced expansion is superimposed 
by an expansion due to the change of the structural state of 
mullite from the 3/2 to the 2/1 type. The greatest variation in 
any cell parameter with the change of the structural state is 
the a constant. 


REDUCTION OF LaMnO;. STRUCTURAL FEATURES OF 
PHASES LasMn;O>; AND La,Mn,0O, | 


F. Abbattista and M. Lucco Borlera 


Two new phases with ordered anion vacancies, LasMnsQO>; 
and LasMn4O,;, both having the general formula A,B,O 

form during the reduction of perovskites of the type LaM- 
nO3,+y. The solid LaMnO3 97, obtained in air at 1100°C and 
subsequently reduced in flowing carbon monoxide at 350°C 
gives the stoichiometric perovskite LaMnO; oo, whose reduc- 
tion starts at 420°C and is completed at 450°C with forma- 
tion of the phase LagMnsO.2;. The second reduction stage 
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Starts at approximately 500°C and is completed at 520°C 
with formation of LasMnsO,,. The solids in the range of com- 
position LaMnQs; 99 - LasMngQ2; and LasMnsgO>3-Lay,Mn4O), 
would seem by X-ray examination to be biphasic but the 
behaviour during reduction is typical of a monophasic 
substance, the oxygen pressure of which at constant 
temperature progressively decreases as the composition 
tends to the limiting values LagMngQ2; and LasMn4O;;. The 
CryStal lattice of LasMnsO2; can be considered as resulting 
from a sequence of seven octahedral sheets, MnOg, alter- 
nated with tetrahedral sheets. MnOg, and the crystal lattice of 
LasMn,O;, from a sequence of three MnO, sheets alter- 
nating with MnO, sheets 


BULK AND GRAIN BOUNDARY DIFFUSION OF '*C IN 
TUNGSTEN HEMICARBIDE 


D. Treheux, J. Dubois and G. Fantozzi 
e tungsten hemicarbide specimens were used to study 

2 bulk and grain boundary diffusion of '*C into W2C at 
temperatures of 1200 to 2000°C. The bulk diffusion coeffi- 


“eantisag nb\ 
ent is given Dy 


D, = 18.3 exp 
grain boundary diffusion coefficient is represented by 
expression 


68,880 


a -}(cm’ s~') 


10° *exp—| 


S given with preceding results on other car- 
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THE STRUCTURE OF SiO, - CURRENT VIEWS 


{= Ar ala) 


de or silica, one of the most important raw 
eramics, undergoes rather complex phase 
under varying conditions of temperature, 
chemical purity. The flexibility of the silica 
consisting of [SiO,] tetrahedra bonded together 
1t polymeric “open molecule” by sharing oxygen 
larily due to the easy adjustment of the Si-O-Si 
etween tetrahedra in response to changing condi- 
Structure reinvestigations of silica polymorphs 
cent years allow a comprehensive review of the 
roblems, including the high-pressure and amor- 
of SiO. and the mechanism of some of the 


the structure of vitreous silica is rather exten- 
ussed in view of the technical importance of silica 


CHARACTERIZATION AND SINTERING OF Mg-Al 
SPINEL PREPARED BY SPRAY-PYROLYSIS 
TECHNIQUE 


Suyema and A. Kato 


ium, aluminate spinel was prepared by the spray- 

S technique at 740°-1030°C from a corresponding 
lution. The spinel powders were characterized by 

Cr) linity, large specific surface area, and hollow 
1-20um in size. The crystallinity, strength of the 

A and stoichiometry affected the density of 
es. Densification was inhibited when skeletons 
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of the hollow spheres remained in the green compacts. The 
pre-exclusion of the possibility of pore-formation originating 
from the hollow spheres was effective for densification. It 
was found that the highest density was obtained by the com- 
bination of low crystallinity and weak shells prepared by us- 
ing ethyl alcoholwater as the solvent; the bulk density reach- 
ed 93% TD with sintering at 1590°C for 2 h under at- 
mospheric pressure. 


STATISTICAL STUDIES OF THE STRENGTH OF 
INELASTIC CERAMICS 


G.A. Gogotsi, JA.L. Groushevsky 


Test results for inelastically deformable ceramics - silicon 
nitride, cordierite, and also glass, - are given. The scatter of 
strength of these materials is shown to be adequately 
described by a two-parameter Weibull equation regardless of 
deformation features. This equation is also shown to be ap- 
plicable for the description of ultimate strain values. The 
distribution of stresses at which acoustic emission in 
specimens begins has been found to correlate with the 
strenght distribution in the same specimens. 


CRYSTALLIZATION OF GLASS OF THE SYSTEM 
K,O(Na>20O)-Al,O;-SiO> 
S.P. Chaudhuri 


In a whiteware composition, the glassy phase derives from 
the molten feldspar in which a portion of quartz, clay and 
other crystalline constituents are dissolved. This glass is the 
major and continuous phase in the whiteware body and is the 
potential source of the crystalline phase, viz. mullite. Syn- 
thetic glass has been prepared by melting mixtures of 
feldspar and quartz comparable to whiteware-glass in com- 
position. Glasses were also synthesized by melting mixtures 
of feldspar, quartz and mineralizers. All of these glasses 
were heat-treated and their mullite contents were estimated 
by X-ray analysis supported by TEM & SEM study. Among 
thirtyone (31) different mineralizers tried, only thirteen (13) 
are found to be effective mullite builders. The cation of the 
mineralizer helps replacement of the Al** ion from the glass 
which subsequently diffuses through the residual SiO, and 
mullite is formed. The replacement reaction and hence the 
degree of mullitization is dependent on factors, e.g. charge, 
radius, field strenght of the cation as well as on the cation- 
oxyen bond strength. This last appears as the most predomi- 
nant factor for mullitization. 


SINTERING, OXIDATION AND MECHANICAL 
PROPERTIES OF HOT PRESSED ALUMINIUM NITRIDE 


P. Boch, J.C. Glandus, J. Jarrige, J.P. Lecompte and 
J. Mexmain 


Aluminium nitride samples were prepared by hot pressing of 
fine powder without additives. The sintering process is 
described. Different porosities were obtained and the ratio 
total porosity/open porosity was measured. Tests of corro- 
sion in air were performed. The main mechanical properties 
(hardness, strenght, toughness, thermal shock resistance...) 
were measured and the effects of porosity and temperature 
studied. The results obtained are compared with the 
mechanical properties of other structural ceramics. 


POWDER SYNTHESIS FROM METAL-ORGANIC 
PRECURSORS 


K.S. Mazdiyasni 
Thermal conversion of organic polymers such as 


polymethylsilane [(CH;)2Si],, polymethylphenylsilane, and 
polysilazane or inorganic polymer such as silicimide 
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[Si(NH)2],, and thermal and hydrolytic decomposition of 
metal alkoxides, M(OR),,, have been employed to obtain sub- 
micron size 30-500 A powders, continuos fibers and thin 
films of refractory carbides, nitrides and oxides. The high 
surface activity associate with these powders make possible 
relatively low temperature processing of the powders com- 
pact to near theoretical density and uniform fine grain size 
bodies. Transmission electron microscopy is used to show 
nucleation, growth crystallite morphology ot the powders 
synthesized, and microstructural features observed. 


SINTERING OF «-Al,O; - AMORPHOUS SILICA 
COMPACTS 


Y. Nurishi and J.A. Pask 


Sintering of a-AlsO; — fused SiO, compacts at temperatures 
of 1350-1500°C is affected by metastable and stable phase 
reactions. Shrinkage maxima in the range 10 to 30 mole % 
Al,O; are the result of cristobalite in the fused SiO> and its 
reaction with a-Al,O; to form the eutectic of the metastable 
phase equilibrium diagram for SiO> (cristobalite) — a-AlsO; 
without mullite. The retardation of densification of a-Al,O; 
compacts with additions of SiO. up to about 50 mole % at 
temperatures about 1400°C and above is associated with 
the appearance o mullite. 


EFFECTS OF Cr,0; ADDITIONS ON THE SINTERING 
AND MECHANICAL PROPERTIES OF AlI,O, 


H. Tomaszewski 


The effect of Cr.O; additions on the penetration of the in- 
tergranular phase between alumina grains of 96 wt % 
alumina ceramics has been investigated by applying the 
principles of quantitative metallography. From microsec- 
tions, values of the true dihedral angle have been measured. 
Cr,O; additions increased the dihedral angle and decreased 
the density of alumina ceramics. As a result, distinct 
deterioration of the mechanical properties of alumina 
ceramics was observed. 


A MATHEMATICAL MODEL FOR CALCULATION OF n, 
p-TYPE CONDUCTIVITY SURFACES OF SOLID OXIDE 
ELECTROLYTES: AN APPLICATION TO 15 m/o CSZ 


D. Gozzi and R. Gigli 


A mathematical model to calculate the n, p-type conductivity 
surfaces of solid oxide electrolytes based on a limited 
number of experimental data is presented. Reliable results 
have been obtained by its application to 15 m/o CSZ by using 
an input data a well established set of conductivity vs 
temperature equations reported in literature. Also in terms of 
Schmaizried’s parameters (log P_, ., log P_ and log P.), 
the values obtained support the potentialities of this 
mathematical procedure and in addition it shows that the Po2 
dependence of activation energies Q_- and Q. is also a 
mathematical consequence. 


EUTECTOID DECOMPOSITION PROCESSES OF SOLID 
SOLUTIONS IN THE HfO,-PrO, ; AND HfO.-MgO 
SYSTEMS AND THEIR INFLUENCE ON THE 
PHYSICO-CHEMICAL PROPERTIES 

OF REFRACTORY MATERIALS 


M.V. Kravchinskaya, P.A. Tikhonov and E.K. Koehler 


Microscopy and electron microprobe analysis were used to 
study the process of eutectoid decomposition of cubic solid 
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solutions in the HfO2-PrO;.; and HfO2-MgO systems. In the 
first system this occurs by forming of a Pr-rich pyrochlore- 
type phase and monoclinic HfO2 solid solution. In the 
HfO2-MgO system, magnesium concentrates mainly at 
crystal boundaries yielding a MgO solid solution; the second, 
MgO-poor phase is a HfO2-based monoclinic solid solution. 
As a result of decomposition the electrical conductivity of the 
cubic solid solutions is reduced by two orders of magnitude 
in the HfO2-PrO;.; system and more than orders of 
magnitude in the HfO2-MgO system. 


BEHAVIOUR OF Cr** AND Fe’* IONS IN THE GAHNITE 
CRYSTALLIZED FROM ZINC OPAQUE GLAZES 


H. Takashima 


The amount of gahnite spinel crystallized in a glaze contain- 
ing alarge amount of ZnO and Al,O; as well as the behaviour 
of Cr’* ions in the glaze were studied. Crystallization of 
gahnite containing a small amount of Cr20; gave a pink opa- 
que glaze. Almost all the Cr’ * ions migrated into the gahnite 
phase. The measurement of the lattice constant by X-ray dif- 
fraction analysis, as well as chemical analysis of the 
crystallized gahnite separated from the glaze, used to deter- 
mine the amount of Cr’ ~ ions in the gahnite phase. A similar 
phenomenon occurred when Fe20O; was added to the base 
glaze composition. 


REACTION SINTERING OF MgO-TiO» MIXTURES 
F. Cambier, C. Leblud and M.R. Anseau 


Short communication. 


EFFECT OF EXPLOSIVE SHOCH WAVES ON MULLITE 
POWDERS 
H. Schneider, A. Majdié and H.D. Werner 


Short communication. 


RARE-EARTH SILICATES 
|.A. Bondar 


Binary systems of the type Ln2O;3-SiO2 were studied. Three 
types of compounds were established for them: Ln20-SiO, 
(1:1) diorthosilicate, Ln2Si207(1:2), and the apatite-like 
silicate, Ln3.67O [SiO4]; (7:9), the latter being stable for the 
large cations. Systematization of the physical-chemical pro- 
perties of rare earth silicates was made. Based on the model 
of ideal solutions the liquidus curves were calculated for 
several Ln2O3-Ln2O;SiO2 systems. The solid solution limits 
were determined for complex systems formed by rare-earth 
and alkaline-earth silicates. A series of rare-earth single 
crystals of simple and complex composition were grown by 
crystallization from molten solutions. Classification of the 
same type compounds into structural groups (morphotropic 
series) was made and partecipation of the 4f-orbitals in bon- 
dings was considered. The spectralluminiscence cha- 
racteristics of the rare-earth silicates are given 


THE INFLUENCE OF IMPURITIES ON THE MIGRATION 
ENERGY OF CATION VACANCIES IN MgO 


E.A. Colbourn and W.C. Mackrocat 


Calculated activation energies for cation vacancy migration 
in the presence of Cais’, Ale’, Sc,’ impurity substitution 
ions are reported. The results are related to the recent ex- 
perimental observations of vacancy mobility by Sempolinski 
and Kingery. 
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DENSIFICATION OF a-AND 3-Si:.N, UNDER PRESSURE 
Yamada, Atsuhiko Tanaka, Masahiko Shimada and 


uO 
ue Koizumi 


+ 


ect of phase transformation, microstructural changes and 
nding beetween grains of Si;N;, without additives was 
d by high pressuring hot-pressing using a- and 8-Si;N, 

ing materials. Densification of Si;Ns did not depend 

di fference of the phase in starting materials. During 
pressing of a-Si;N4, a drastic change in grain mor- 


2 


> oO ® ” om 
| 


y ‘took place with the progress of phase transforma- 

ind the final microstructure showed the existence of 
nding and the ats of polyhedral grains. In 

ot st-pr essing of 8-Si;Ns, no appreciable change in grain 
phology was observed and densification was proceeded 
due to a plastic deformation mechanism. Phase 
ormation seems to play a significant role in the bonding 


FORMATION MECHANISM AND CERAMIC PROCESS OF 
THE FERROELECTRIC PEROVSKITES: Pb(Mg; ;Nb> ;)O; 
AND Pb(Fe, >Nb, »)O; 


M. Lejeune, J.P. Boilot 


ormation of the Pb (Mg:,3 Nb2/3)O; and Pb (Fe,/2 
)O; phases with a perovskite type structure is directiy 
pendent on the reactivity of magnesium and ferric oxides 
) other phases belonging to the binary system PbO-Nb2Os. 
it is shown that the ceramic process influences 
tion of perovskite phases in comparison with 
phases and also the densification of the samples. 
1 of the ceramic process allows to obtain a 
2)O; phase, but as far as Pb(Mg, /3Nb2/3)O; 
arasite phase is never entirely eliminated. 


RECENT DEVELOPMENTS OF CEMENT CHEMISTRY IN 
CHINA 


e Jungan 

it years, much work has been done by the cement 

n China centering on energy saving in cemet and 
making and improving the properties of both. 


EFFECT OF REACTANT DISPERSION ON FORMATION 
OF PZT SOLID SOLUTIONS 


A./. Kingon, P.J. Terblanché and J.B. Clark 
tions in the formation of PZT solid solutions were 
vith particular reference to changing the dispersion 
eactants by altering the mixing conditions. The final 
joge nisation step was studied in detail. The effect on the 


tromechanical properties of the PXT ceramics were 
red. The results of these studies are discussed. 


SEM, TEM AND EPMA STUDY OF INTERGRANULAR 
PHASES IN ALUMINA CERAMICS 


H. Tomaszewski, L. Kulig, J. Torun, H. Koztowska and 


a 
M. Wojcik 


onort communication 


ELECTRICAL AND MECHANICAL LOSSES IN 
FERROELECTRIC CERAMICS 


H.H. Hardt 


The magnitude of the electrical and mechanical losses of 
devices made from ferroelectric ceramics, which are current- 
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ly widely used in electronic circuits, often determines the ap- 
plications of these materials. In this article the current 
understanding of the mechanisms and their dependence on 
the composition of the ceramic and on the experimental 
parameters is reviewed. The electrical and mechanical 
losses are proportional to each other. The proportionality fac- 
tor is determined by material parameters, such as dielectric 
constant, spontaneous polarization etc., and is independent 
of the specific loss mechanism. The losses below the Curie 
temperature are mainly caused by domain wall movements. 
Above the Curie temperature the losses drop rapidly to a 
residual level, caused by lattice - and microstructural effects. 
At higher temperatures the losses are governed by the elec- 
trical conductivity of materials. Of major importance for ap- 
plications are the domain wall losses. Their dependence on 
doping, aging, field strenght, frequency and temperature is 
described and discussed. Models are presented that at- 
tribute the losses to the damping of a moving domain wall. 


PRELIMINARY OBSERVATIONS ON THE 
MICROSTRUCTURE OF NUCLEAR WASTE GLASSES 


J.F. DeNatale, D.K. McElfresh, and D.G. Howitt 


The microstructures of simulated nuclear waste glasses 
prepared by the mixing of glass frit and calcined waste ox- 
ides at 1000°C are shown to contain well defined boundaries 
that are depleted of heavy elements. The development of 
small crystallites and phase separation have also been 
observed but no evidence of microcracking or interfacial 
separation at these discontinuities was found. The same 
glasses prepared at 1350°C were quite uniform at the 
microstructural level. 


HISTORY OF BIOCERAMICS 
S.F. Hulbert, L.L. Hench, D. Forbers, L.S. Bowman 


The history of bioceramics is reviewed and the current status 
of the use of nearly inert, surface reactive, and resorbable 
bioceramics discussed. 


PREPARATION OF GLASS-CERAMICS Pb:Ge;.,Si,O;, 
(O<x<1.75) 
Hiroshi Hasegawa, Masahiko Shimada and Mitsue Koizumi 


Glass-ceramics with a high transparency were prepared 
by the crystallization of 5PbO+(3-X) GeO2+XSiO2 glass. 
From the results of temperature dependence of the permit- 
tivity, the Curie temperatures of the products were estimated 
to be 175°C, 115°C and 65°C for the glass-cera- 
mics 5PbO+*3GeO2, 5PbO+2.5*GeO2+*O.5SiO, and 
5PbO+2GeO>+SiO>, respectively. 


ACOUSTIC ACTIVITY IN A QUARTZ CONTAINING 
PORCELAIN SUBJECTED TO LOW RATE THERMAL 
CHANGES 


J.D. Fridez, C. Carry and A. Mocellin 


A typical quartz containing porcelain was subjected to 
various controlled temperature-time treatments in the 
20-950°C range and for up to several days. Special precau- 
tions were taken and acoustic emission internally generated 
by the material during these treatments were recorded. Both 
experimental observations and analysis for stress in the 
vicinity of quartz particles show that the following process ac- 
counts for a significant part of the overall material response: 
development of circumferential microcracks, even at room 
temperature, following some (possibly absent if the initial 
size of the crack initiating defect is sufficient) subcritical 
defect growth. Parameters affecting the detailed distribution 
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of acoustic activity include size and shape of the quartz 
grains and their variations, distribution of initial defect size 
and material dependent defect growth kinetic parameters. 


SINTERING OF «-Al,0; / QUARTZ, AND a-Al,0; / 
CRISTOBALITE RELATED TO MULLITE FORMATION 


Amar P.S. Rana, Osamu Aiko and Joseph A. Pask 


Cristobalite and quartz react differently in mixtures with a- 
Al.O; at 1415°C. With cristobalite, an eutectic liquid forms in 
accordance with the metastable phase equilibrium diagram 
for a-Al2O3-SiO> (cristobalite) in the absence of mullite. With 
quartz, a liquid first forms on the surface of quartz because 
of the occurrence of ani intermediate liquid phase on transfor- 
mation of quartz to cristobalite. These liquids act as precur- 
sors to the formation of mullite by reacting with a-Al,Os;. 
Mullite was detected earlier in the cristobalite-containing 
mixtures under similar firing conditions because the growth 
of mullite becomes significant with the formation of the 
eutectic liquid at the a-Al2O; - cristobalite interface since it is 
already saturated with Al.O;. The kinetics of sintering are af- 
fected by the rates of the step reactions. 


ELECTRON MICROSCOPY STUDY OF THE 
MICROSTRUCTURE OF A HOT-PRESSED SILICON 
NITRIDE 


T. Epicier and G. Orange 


A microstructural investigation of a commercial hot-pressed 
silicon nitride variety is reported here; electron microscopy 
observations have been performed in attempt to precisely 
characterize the microstructure of the material. In particular, 
grain boundary structures have been studied by transmis- 
sion electron microscopy using bright and dark-field techni- 
ques; a typical amorphous phase has been revealed in triple 
junctions and along grain boundaries. 
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CARBON IN MEDICAL DEVICES 
J.C. Bokros 


The variability of the crystalline structure of carbon allows a 
correspondingly wide range of possible properties. By con- 
trolling the structure of carbon through processing as for ex- 
ample in the deposition of carbon in a fluidized bed it is 
possible to produce deposits with unique combinations of 
properties. Certain of these carbons have been found to be 
extremely useful in prosthetic devices. The isotropic carbons 
deposited at relatively low temperatures (below about 
1500°C), often called LTI carbons, are biocompatible in the 
broadest sense. They do not induce thrombosis of hemolysis 
of otherwise affect either the formed or molecular element of 
blood. They have exceptional wear and fatigue properties 
which are not degraded by the body environment. Accor- 
dingly, these carbons are widely used in the construction of 
prosthetic heart valves. 

The modulus of elasticity of LTI carbon is unusually low for a 
material of such strength and falls within the limits reported 
for the elasticity of bone. This property, together with its abili- 
ty to interface with both soft and hard tissue without eliciting 
a foreign body response, makes it possible to produce or- 
thopedic joint replacements that can attach directly to bone 
without using polymethylmethacrylate bone cement. 

Using special vacuum deposition techniques, it is possible to 
deposit thin, impermeable isotropic carbons that mimic the 
structure and properties of the LTI carbon. Materials such as 
polymers and fabrics can be coated with such carbons and 
these coatings are finding use on vascular grafts, heart valve 


sewing rings, percutaneous access devices, and tendon and 
ligament replacements. 

Other forms of carbons, e.g. fibers and fiber composites, are 
currently being used Clinically in orthopedic surgery. The im- 
pact of carbon on current replacement surgery and some 
possibilities for future applications will be described 


INFLUENCE OF YTTRIA CONTENT ON PHASE 
COMPOSITION AND MECHANICAL PROPERTIES 
OF Y-PSZ 


K. Haberko and R. Pampuch 


Coprecipitation technique was used to obtain powders in the 
system Y203-ZrO> of yttria concentration from 0.5 to 6.5 M/o 
Fields of the existence of the monoclinic and the tetragonal 
ZrO, s.s. were calculated in the coordinate system: grain 
size vs. Y2O; concentration. Experimental data are in good 
agreement with the calculations. It has been found that 
bodies of low yttria concentration (below 2 M/o) are 
monoclinic and their mechanical strength is low. Sintered 
bodies of YO; concentration ranging between 3 and 5 M/o 
are entirely tetragonal, and those of YO; content of 2 M/o 
have a thin monoclinic surface layer while the bulk is 
tetragonal. The ability to undergo the tetragonal to 
monoclinic trasformation in front of a crack tip has been 
found to be dependent on the distance of the solid solution 
composition from the tetragonal/cubic phase boundary 
Bodies demonstrating a higher degree of the crack induced 
transformation show higher K. values. 

The modulus of rupture increases with the K. value and at- 
tains the highest level with bodies having a thin monoclinic 
surface layer at 2 M/o Y2O3. 


FUSED SALT SYNTHESIS OF Bi,Ti,0;> 
T. Kimura and T. Yamaguchi 


‘ Bismuth titanate powders were prepared in the presence of 


chloride or sulfate fused salts. In both fluxes, aggregate par- 
ticles formed during the formation process and differently- 
shaped primary particles were obtained depending on the 
flux species. The aggregates changed to discrete plate-like 
particles on further heating. The crystal structure of the 
specimens obtained at low temperatures was defective with 
disturbed long-range order along c-axis and a/b close to unl- 
ty. The effects of flux species on the nature of the products 
have been explained in terms of the interaction between B 
ions and flux anions. 


FORMATION OF ALKOXY-DERIVED 3AI,0;-2GeO 


Osamu Yamaguchi, Taturo Kanazawa, Masami Yokoigawa 
and Kiyoshi Shimizu 


Germanium-mullite (3Al,0;*>2GeO>) is formed directly as a 
single phase at lower temperatures from amorphous material 
with 50-66.7 mole% Al,O; prepared by the alkoxy-method 
The kinetic data of the 3Al,0;-GeO> crystallization with 50 
and 60 mole% Al2O; are represented by different solid-state 
equations. The difference of the crystallization mechanism 's 
possibly explained in terms of the morphology of the 
3Al20;3*GeO> particles. 


ON THE NATURE OF THE CRYSTALLOGRAPHIC 
DISORDER IN SUBMICROMETER PARTICLES OF 
Ca(OH), PRODUCED BY VAPOUR PHASE HYDRATION 


D. Beruto, G. Spinolo, L. Barco, U. Anselmi Tamburini and 
G. Belleri 


Poorly crystalline form of Ca(OH) can be produced by reac- 
tion of water vapours at room temperature with CaO powders 
and are highly reactive towards liquids and gases. Nitrogen 
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adsorption isotherms, X-ray broadening analysis and S.E.M. 
observations were made on different samples either before 
or after a thermal treatment (essentially an irreversible pro- 
cess) that transforms these hydroxides into more crystalline 
materials. It is shown that the vapour phase hydration yields 
not only small size particles and high porosities but also 
crystallographic defects, and that the irreversible transfor- 
mation is mainly connected to a recovery of defects. 


THE PROPERTIES OF MAGNESIA POWDERS FOR THE 
HOT WELDING PROCESS 


J. Zborowski 


A number of powders derived from MgO calcined at various 
temperatures within the range 770-1770 K was submitted to 
the treatment usually used in preparation of the batches to 
welding process (hot-pressing in the presence of liquid salt 
pnase) 

Changes in powders characteristics during this treatment 
have been discussed based on results of sedimentation 
analysis and specific surface area measurement (BET 
methoa) 

The samples made of these powders with and without salt 
addition (CaCl.-LiC! eutectic mixture) were examined using 
mercury porosimetry and SEM. It has been shown that 
powder characteristics and the presence of liquid salt phase 
essentially influence the results of densification process. 
Sharp differences have been discovered in apparent den- 
sities and total amounts of open pores between the samples 
hot-pressed with and without salt additions. The former 
reached densities of about 85% theoretical and the latter 
were uSually lower than 50% 


GRAIN BOUNDARY SEGREGATION OF IRON, 
CHROMIUM AN SCANDIUM IN POLYCRYSTALLINE 
MAGNESIUM OXIDE 


N. Mizutani, A.J. Garratt-Reed and W.D. Kingery 


Utilizing x-ray microanalysis in samples studied with scann- 
ing transmission electron microscopy, segregation of Fe, Cr 
and Sc has been found at grain boundaries of polycrystalline 
MgO. Samples studied contain between 500 and 1200 cation 
ppm of each solute, or of all three. The level of grain boun- 
dary segregation of Fe and Sc was approximately propor- 
tional to the bulk concentration while the boundary concen- 
tration of Cr was less than the other solutes, more so at 
higher concentrations. This result is attributed to the higher 
association energy of Cris, - Vise aNd Cray - Vtg - Crue COM- 
plexes which have a negative or neutral charge in the MgO 
matrix, thus not contributing to the space charge layer. 


REMARKS ON THE La>0;-Li.0 BINARY SYSTEM 
BETWEEN 750° AND 1000°C 


F. Abbattista and M. Vallino 


The La,O;-LixO binary system has been re-examinated 
between 750° and 1000°C where LaLiO> occurs as the only 
binary compound. It is characterized by a monoclinic cell 
(a, =5.88 A; b,=6.22 A; c,=5.84 A; 8=102.53°) and is 
ismorphous with a-EuLiO,. Any orthorhombic polymorph of 
this compound is excluded between 750° to 1000°C. 
Moreover, the cubic phase (a,=12.22 A) reported by 
previous researchers and said to have composition close to 
LaLiO> formula, actually belongs to the La-Pt-Li-O system. 
It has a variable composition: LaPt,Li; - .O2. 1.5. 
(x =0.14=0.25) and its lattice parameter varies from 12.215 
A (x=0.14) to 2.284 A (x=0.25). An isomorphous ternary 
cubic phase, in which titanium replaces platinum, has also 
been prepared and the lattice parameter of the 
LaTio islio 5302 24 Compositions is 12.21 A. 


PREPARATION AND STRENGTH OF 
FORSTERITE-ZIRCONIA CERAMIC COMPOSITES 


Shen Yangyun and R.J. Brook 


Forsterite ceramics, toughened with zirconia inclusions, 
have been prepared by heat treating mixtures of zircon and 
magnesia. The ceramics have been sintered both with and 
without applied pressure. The extent of reaction, the fraction 
of tetragonal zirconia and the density of the product 
materials have been determined. The strength has been 
measured in 3 point bend tests. Owing to the fact that the 
rate of reaction is faster than the rate of pore removal during 
pressureless sintering, suitable microstructures have not 
been prepared by this technique. However, hot pressing 
yields dense, fully reacted, materials with 35% of the zir- 
conia present in the tetragonal form; these materials have 
strengths (>350 MPa) substantially greater than those of 
conventional forsterite ceramics. 


SYNTHESIS OF ALUMINA AND ZIRCONIA FIBERS 
P.A. Vityaz, I.L. Fyodorova, |.N. Yermolenko, T.M. Ulyanova 


The results of the investigations of conversions occurring 
during synthesis of aluminum oxide and zirconium dioxide 
porous fibres with alloying additions in the temperature 
range from 20 to 1300°C are presentated. The analysis of 
the experimental results enabled to reveal features typical 
for pyrolitic conversion and sintering of aluminum oxide — 
and zirconium dioxide — base ceramic fibres. 


DENSIFICATION OF SILICON NITRIDE POWDER WITH 
VARIOUS ADDITIVES 


S.K. Bhattacharya and A.C.D. Chaklader 


Cold compaction behavior of a sub-micron size silicon nitride 
powder with additives has been studied at various loading 
rates up to about 450 MPa. Liquid lubricants are found to be 
more effective than the solid lubricants. A marked increase 
in relative density has been obtained with the aid of 10 
weight percent polyethyleneglycol after surface treatment of 
the powder with a dispersant solution. The loading rate bet- 
ween 0.8 and 800 MPa per minute has no effect on the den- 
sification process. Results are analysed with various 
theoretical equations available in the literature. The Cooper 
and Eaton’s equation and also its modified form are used to 
determine the mechanism of densification during cold com- 
paction. 


INTERACTION OF LiBr WITH CALCITE AND CALCIUM 
OXIDE POWDERS 


D. Beruto, G. Belleri, L. Barco, V. Longo 


The interaction of LiBr with calcite and calcium oxide 
powders have been studied with and without the calcite 
decomposition reaction, using DTA and TG analysis plus 
SEM and RX observations. Interactions in LiBr - CaCO; 
system show two possible phase transformations at the 
temperature of 748 K and 786 K. The second one is due to 
the formation of an eutectic liquid phase in the LiBr-rich 
region. The rate of decomposition of calcite powders was 
measured in dry nitrogen and in a high partial pressure of 
CO, with and without LiBr. The addition of LiBr causes the 
decomposition reaction occur at a lower temperature. The 
LiBr changes the mechanism of the reaction. The decom- 
position process occurs through a liquid-phase path given by 
the eutectic of LiBr-CaCO;. The total rate of reaction as well 
as the temperature dependence are related to the liquid 
phase. The CaCO; powders obtained have a very dense 
structure with a high degree of crystallization. Probably the 
LiBr-CaO eutectic provides a solution path for CaO 
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recrystallization. The effective-ness of salt addition in lower- 
ing the decomposition temperature of carbonates seems 
promising in saving energy, as well as in promoting changes 
in morphology of important commercial oxide powders. 


INFLUENCE OF PRECIPITATION PROCEDURE ON 
SINTERABILITY OF Y.0; PREPARED FROM 
HYDROXIDE PRECURSOR 


M.D. Rasmussen, G.W. Jordan, M. Akinc, O. Hunter, dr. 
and M.F. Berard 


The sinterability of YO; prepared from reverse strike hydrox- 
ide precursors was found to be highly dependent on final pH 
and precursor dewatering procedure, high pH precursors 
yielding poorly-sinterable oxides if oven dried, but quite 
sinterable oxides if dewatered either by acetone-toluene- 
acetone or controlled-humidity treatments. Direct strike 
hydroxide precursors yielded  highly-sinterable Y.0O; 
regardless of final pH or dewatering procedure. 


INHIBITION MECHANISM OF THE ANATASE-RUTILE 
PHASE TRANSFORMATION BY RARE EARTH OXIDES 


S. Hishita, |. Mutoh, K. Koumoto and H. Yanagida 


The effect of rare earth oxide additions on the anatase-rutile 
trasformation in doped TiO> was investigated. Y2O;, La20s, 
CeO, Nd>O;3, Sm20s;, Gd20;, Tb,0;, Ho20;, Dy20s;, Er,O;, 
Tm20; and Yb203, were found to suppress the transforma- 
tion. The transformation process occurs in three stages. In 
the first stage, rare earth metal ions dissolve into interstitial 
sites in anatase. The resulting decrease in oxygen vacancies 
caused by the solid solution suppresses the nucleation of the 
transformation. In the second stage, the activation energy of 
the transformation was found to be 12443 Kcal/mol and 
138+4 Kcal/mol for pure anatase and anatase with 1 mol% 
Dy2O;, respectively. The transformation mechanism of this 
stage is not necessarily affected by additives. The final stage 
is affected by the amount of rare earth oxide-titania com- 
pound phase. 


THE USE OF MOLTEN MAGNESIUM CHLORIDE IN THE 
PREPARATION OF CRYSTALLINE CERAMIC POWDERS 


Emanuel |. Cooper and David H. Kohn 


The interaction of molten MgCl, with various oxides and 
oxide minerals is described. Whithin several hours, at 
temperatures of 700-1100°C, components such as oxides 
of Fe, K, Ca and — under proper conditions — Ti are largely 
converted into the corresponding chlorides, the more volatile 
of which evaporate, the others being extracted into the liquid 
phase. By proper choice of stoichiometry, crystalline cor- 
dierite, forsterite, enstatite and spinel could be prepared; 
they contained a total <0.2% of oxides of Na, K, Ca and Fe, 
and their average-diameter range was uSually 1-10 um (or 
larger for forsterite. The preparation of other mi- 
crocrystalline powders in molten MgCl. is briefly discussed. 


FORMATION AND TRANSFORMATION OF SrGeO; 


Osamu Yamaguchi, Hiroto Sasaki, Koji Sugiura and Kiyoshi 
Shimizu 


The reaction of an equimolar mixture of SrCO; and GeO> 
proceeds in five stages, [1]-[5]. The overall reaction of [1], 
[2], and [3] 


2SrCO; + GeO. > Sr.GeO; + 2CO> [1] 
SrCO; + 4GeO. > SrGe,Oz + CO? [2] 
SrCO;+4 GeO, 6-SrGeO; = CO> [3] 


p-Sraeo, TAnBormation . sa60, [4] 
3Sr2GeO; + SrGesOo— 7(a-SrGeO;) [5] 


is best described by the Jander equation, the apparent ac- 
tivation energy being 47.6 kcal mol ' irrespective of the ball- 
milling time. 6-Strontium metagermanate is formed directly 
at lower temperatures from amorphous material prepared by 
the simultaneous hydrolysis of strontium and germanium 
alkoxides. Kinetic studies of 6-SrGeO; formation and 8-> «a 
SrGeO; transformation are carried out by means of X-ray dif- 
fraction. 


OXIDATION OF SINTERED ALUMINIUM NITRIDE 
V.A. Lavrenko, A.F. Alexeev 


The oxidation of sintered aluminium nitride samples having 
porosity of 12-16% has been studied at temperatures of 
900-1100°C and 98.66 kPa oxygen pressure. It has been 
established that the reaction of AIN with oxygen obeys the 
parabolic law. The main products of AIN oxidation are 
a—Al,03 and nitrogen with nitrogen oxides traces. The cor- 
responding rate constants and apparent activation energy 
(61 kcal/mole) were calculated from the experimental data. It 
has been demonstrated that sintered aluminium nitride is 
resistant enough to high-temperature oxidation and can be 
used as a refractory material up to 1100°C 


RAPID SOLIDIFICATION IN THE AI.0;-ZrO, SYSTEM 
N. Claussen, G.Lindemann and G. Petzow 


Eutectic compositions of Al,O; and ZrO2 have been melted 
and rapidly solidified by shock-wave quenching, flame- 
pressure atomization and high-pressure water atomization 
Quenching rates >10* K/s resulted in amorphous particles 
which, on annealing, crystallized at 1310°C. Microcrystalline 
particles with tetragonal ZrO> distributed in an «-Al2O; matrix 
formed at lower quenching rates. ¢-Al2O; transformed into a- 
Al2O; on annealing at 953°C. 


PRODUCTION OF HIGHLY-SINTERABLE RARE-EARTH 
OXIDE POWDERS BY CONTROLLED HUMIDITY 
DEWATERING OF PRECURSORS 


G.W. Jordan and M.F. Berard 


The sintering behavior of rare-earth oxide powders produced 
from reverse strike hydroxide, oxalate and carbonate precur- 
sors was studied. The influences of controlled humidity 
dewatering of precursors on powder morphology and sinter- 
ing behavior were extensively studied, and were compared 
with those produced by oven drying or dewatering by using 
organic washes (ATA method). Significant differences in 
behavior were observed for hydroxide- and carbonate- 
derived powders dewatered in different ways; oxalate- 
derived powders showed little behavioral dependence on 
dewatering method. In general, controlled humidity dewater- 
ing proved effective in leading to highly-sinterable powders 
from any of the three precursors investigated, ATA treatment 
was effective for hydroxide and oxalate precursors, and oven 
drying generally led to good sinterability only for oxalate- 
derived powders. Compaction behavior and surface area of 
the powders were also determined and attemps were made 
to correlate these characteristics with sintering behavior 


FORMATION OF A NEW SOLID ¢ TRICALCIUM 
ORTHOPHOSPHATE STRUCTURE, FROM REACTION 
BETWEEN HYDROXYAPATITE AND AMMONIUM 
SULFATE 


M. Marraha, J.-C. Heughebaert, G. Bonel 


The reaction which occur during heating, from room 
temperature to 1100°C, of a mixture of hydroxyapatite 
Cajio(PO4)6(OH)2 [HAP] and ammonium sulfate (NH4)2SO. 
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[AS] are studied. The formation of Ca2(NH4)2(SO4);, Ca2P20- 
and Ca(PQO;)> is observed between 200°C and 300°C; at 
400°C CaSO; appears. From 500 to 700°C, Ca(PO:;)> reacts 
with Ca SO; and with HAP and gives 8-Ca>P20-. Lastly, from 
700°C to 1000°C, 6-Ca2P.O- reacts with HAP and with 
CaSO, and gives 3-Ca;(POs)> [3-TCP]; from 1000 to 1100°C, 
3-TCP and CaSO; react and form a sulfate ion containing 
calcium phosphosulfate, the structure of which is 8-TCP. 


COMPLETE RHEOLOGICAL CURVES FOR CLAY 
DISPERSIONS AND PASTES AND THEIR ASSOCIATED 
ENERGETICS 


N.N. Krugliski and V. Ya. Kruglitskaya 


The mechanism of structural formation within ceramic 
systems is determined by the chemical, physical, crystal 
chemical mineralogical, surface and adsorption properties of 
the raw materials. Clay minerals (layer silicates) are most 
common. In processing and formation the ceramic systems 
are inherent in coagulation set pattern of space-thixotropic 
nets of certain strength. Their rheological curves are the 
scientific base for optimization of constructive peculiarities of 
production equipment taking account of energetic expen- 
diture, in technology. In this connection the curves of clay 
suspensions having different structure are obtained, the 
yield and viscosity points are calculated and peculiarities of 
the contact interactions within them are stated basing on 
realization power of dispersed structures. 


TEMPERATURE DEPENDENCE OF ELECTRICAL 
RESISTIVITY AND DIELECTRIC CHARACTERISTICS OF 
POLED AND BaZrO; MODIFIED BaTiO; CERAMICS 


Morsy M. Abou Sekkina, M.K. El-Nimr and E.W. ABD Allah 


Samples of pure BaTiO;:, pure BaZrO; and intermediates 
containing from 5 up to 30% BaZrO; were carefully prepared 
by the usual ceramic procedure followed by X-ray diffraction 
analysis to ensure the complete reaction. Well sintered and 
translucent ceramic bodies were obtained. Measurements of 
dielectric constant (e), dielectric loss (tan 6) and a.c. resistivi- 
ty (0) were undertaken as a function of temperature up to 
250°C and at various frequencies of 10-50 Kc/s before and 
after polarization (800 V). The effect of poling field is discuss- 
ed on the basis of the presence of spontaneous polarization 
in BaTiO; lattice. Finally, it was established that the introduc- 
tion of Zr*~ ions in BaTiO; lattice occurs in three steps: first- 
ly, filling of Ba*~ vacancies, secondly solid solution forma- 
tion from BaZrO; in BaTiO; lattice and thirdly, occupying in- 
terstitial sites in BaTiO; lattice. 


A HIGH TEMPERATURE TERNARY PHASE IN THE 
SYSTEM MgO-AI,0;-ZrO, 


P. Reynen, A. Firatli, D. von Mallinckrodt, H. BoeB 


Short communication. 


STABLE AND METASTABLE PHASE EQUILIBRIA AND 
REACTIONS IN THE SiO>-cAl,0; SYSTEM 


Joseph A. Pask 


Procedures in the preparation of specimens in this system 
are Critical due to the difficulty of nucleating aAl2O; when the 
silicate liquid is not saturated with Al,O; even though it may 
be supersaturated relative to crystalline aAl2O;, and the ease 
with which mullite growing from an alumino-silicate melt dur- 
ing cooling accomodates an excess of Al.O;. Metastable 
phase compositions and microstructures occur commonly. 
As a result, misinterpretations of experimental data have oc- 
curred in published reports. Stable and metastable phase 
equilibria diagrams in the aAl,O;-SiO2 system are presented. 


ELEVATED TEMPERATURE INSTRUMENTED CHARPY 
IMPACT OF A SINTERED SILICON CARBIDE 


H.C. Chandan, L. Hermansson, H. Abe and R.C. Bradt 


A commercially available, densely sintered alpha silicon car- 
bide was tested in air from room temperature to 1700°C us- 
ing a modified instrumented pendulum unit and standard 
Charpy size test specimens. The resistance heated silicon 
carbide specimens exhibited only elastic behavior, even at 
1700°C. A compliance analysis of the test revealed a linear 
elastic decrease of the absorbed impact energy and also a 
decrease of the fracture stress of the silicon carbide with in- 
creasing temperature. 


INFLUENCE OF CERAMIC PROCESSING ON 
DIELECTRIC PROPERTIES OF PEROVSKITE TYPE 
COMPOUND: Pb(Mg,; Nb :)O; 


M. Lejeune and J.P. Boilot 


Pb (Mg; Nb2/3)O; perovskite type compound which can 
be sintered at low temperatures has a ligh dielectric permit- 
tivity and so can be used as multilayer ceramic capacitors. In 
this study we show that ceramic processes resulting in dif- 
ferent mixtures of phases and different microstructures 
strongly influence the dielectric properties (dielectric permit- 
tivity, dissipation factor and resistivity). Only a careful 
characterization in each step of the process allow the op- 
timization of ceramics. 


PRE-EUTECTIC DENSIFICATION IN MgF>-CaF, 
S.C. Hu and L.C. De Jonghe 


Increased densification rates were found as much as 200°C 
below the eutectic temperature (980°C) for MgF2 containing 
small amounts of CaF2. Constant heating rate and costant 
temperature sintering data, as well as microstructural 
developments indicated that solid state grain boundary 
transport rates had been enhanced by the eutectic forming 
additive. The effect saturated at about 1 wt1% CaF. The 
results suggest that densification of ceramic powders could 
be favorably affected without a substantial increase in the 
grain growth rate, by the addition of small amounts of eutec- 
tic forming additives, and sintering below the eutectic 
temperature. 


DEVELOPMENT OF PHOSPHATE GLASS-CERAMICS 
FOR BONE IMPLANTS 


F. Pernot, P. Baldet, F. Bonnel, J. Zarzycki and 
P. Rabischong 


Porous glass-ceramics were prepared by the controlled 
Crystallization of various phosphate «foam» glasses. The 
Crystalline phases were detected and the following pro- 
perties of the materials were studied: — textural properties: 
porosity, interconnection pore size distribution; — 
mechanical properties: fracture bending stress, Young’s 
modulus. It is shown that these properties depend not only 
on the composition of the base glasses, but also upon the 
grain size of the foaming agent. 


MECHANICAL PROCESSING OF BENTONITES 
Jiri Bulandr and Jaroslav Dudek 


Investigations into dry grinding and pneumatic processing of 
three bentonite types, aimed at improving their quality, were 
carried out. Grinding tests indicated that changes in ben- 
tonite grain size have little effect on its quality, unless it is 
complemented with rearrangements in smectite texture. 
Common nonclay admixtures of bentonite were shown to in- 
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ertly dilute its properties. Pneumatic processing proved effi- 
cient in separating the nonclay fraction and thus substantial- 
ly improving the bentonite quality. Mutual collisions of smec- 
tite particles in the course of pneumatic processing result in 
their mechanical activation which substantially enhances the 
quality of processed bentonite. 


INTERFACE INTERACTION AND STRUCTURAL 
TRANSFORMATION IN PARTICLES OF CERAMIC AND 
CERMET COMPOSITE POWDERS IN FLAME SPRAYING 


Yu. Borisov and A.L. Borisova 


The behavior of particles of Al2O3, TiO2, Al2O3-TiO2, AlzO3-Ni, 
ZrOQ>-Ni, Al2O3-Ni-Ti powders in flame spraying has been 
studied. The interaction between the surface tension forces 
and the wetting forces has been found to produce either a 
melt shell around the particles core or drops of the second 
component on the surface of the core. Subsequently a total 
Or partial capture of drops of the second component melt by 
the core melt or their separation during the movement within 
the plasma jet volume are possible. At high particle heating 
and cooling rates, polymorphous transformations, higher-to- 
lower oxide transformations and metastable phase fixations 
in the coating take place. These effects influence the condi- 
tions of ceramic powder plasma coating formation and also 
the properties of the coatings. 


RAW MATERIALS FOR THE PRODUCTION OF 
PIGMENTS IN THE SYSTEM ZrO,-SiO,-Fe,0; 


M.S. Bibilashvili, O.S. Grum-Grzhimailo, N.S. Belostotskaya 


The authors show that (FeZr)-pigments may be obtained 
from coarse-sized materials (u-ZrO. and a-SiO2) having a 
lower degree of chemical purity. The quantity of a-Fe20O; in- 
troduced should not exceed 8% (by weight). Mixing of batch 
components in a ball mill lined with porcelain plates is an in- 
dispensable condition for obtaining high-quality (FeZr) - 
pigments from the said raw materials. Steel taper rollers 
should be used as the grinding media. 


ELASTIC AND PLASTIC BEHAVIOUR OF WC - Co 
COMPOSITES 


J. Dusza, L. Parilak, J. Diblk and M. Slesar 


Tungsten carbide - cobalt composites with various mean 
sizes of carbide grains and different fractions of binder 
phase were tested in compression. The fracture stress, 
elastic limits and deformations up to fracture were determin- 
ed. By microstructural analysis the change in the microstruc- 
ture at different strain levels and the mechanisms of the 
crack initiation and propagation were explained. 


OPTIMIZING THE DEFORMATION PROPERTIES OF 
CERAMIC PASTES BY EVALUATING RELEVANT 
PHYSICAL AND CHEMICAL MECHANISMS 


N.N Kruglitski 


The peculiarities of the boundary layers in silicate disper- 
sions are described as the factors that control the interac- 
tions between the solid particles, and thus determine the 
structural, mechanical and deformation properties. The im- 
portance of surfactants and regularities of the structure for- 
mation are also discussed. The usefulness of elastic-plastic- 
viscous constants for elaboration of the optimized 
technology in ceramic industry is shown and the preparation 
of ceramic dispersions (slips) with various contents of solids, 
plastic pastes, semidry masses, and highly concentrated 
powders are analyzed. 
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THE STRUCTURE AND PROPERTIES OF REFRACTORY 


ZIRCONIA CERAMICS 
1. FUNDAMENTAL INVESTIGATIONS 


An Annotated Bibliography of Research Works Carried 
out in the USSR 


E.K. Koehler 


This paper is a review of the Soviet fundamental investiga- 
tions on zirconium dioxide, ZrO2-based compounds and solid 
solutions as regards the tasks of high-temperature technics. 
The review covers a period of recent 20-30 years and is 
mainly based on publications in the Soviet magazines such 
as the «Proceedings of the Academy of Sciences of the 
USSR» (Doklady Academii Nauk SSSR), «Journal of Applied 
Chemistry» (Zhurnal Prikladnoi Khimii), «Journal of Inorganic 
Chemistry» (Zhurnal Neorganicheskoi Khimii), «Inorganic 
Materials» (Izvestiya Akademii Nauk SSSR, 
Neorganicheskie Materialy) and «Refractories» (Ogneupory). 
The paper gives an account of research work including 
studies of the structure of zirconium dioxide, its polymorphic 
transformations, the influence of various impurities and other 
conditions on these transformations as well as investigations 
of the systems containing ZrO, and refractory oxides of 
elements of groups Il, Ill, |\V and V of the periodic system. It is 
also concerned with problems of the mechanism and kinetics 
of interaction between oxides in ZrO2-containing systems. 
The second part will be devoted to applied investigations 
directed towards the elaboration of the synthesis processes 
of zirconia materials, the preparation of ceramic materials 
from them, the study of the relations between composition, 
structure and physicochemical properties. The third, con- 
cluding part, will contain information about the elaboration of 
several concrete technical materials for various purposes 
and their properties. 


FORMATION OF SILICON OXINITRIDE FROM Si;N; AND 
SiO, IN THE PRESENCE OF Al,O; 


Z.K. Huang, P. Greil and G. Petzow 


The formation of SizN2O from SiO. and a-Si3Ns powder mix- 
tures with addition of 3 mol % Al.O; was investigated. An 
eutectic at 98 mole % SiO, and 2 mole % Si;N, was formed 
at 1863 K which is decreased by the Al,O;3, thus enabling the 
formation of SizN2O via the liquid phase. Microstructural 
analysis by TEM showed a strong orientation between 
Si2N2O and a-Si3N, crystals. Oxidation resistance and ben- 
ding strength were also measured. 


INFLUENCE OF POWDER PROPERTIES AND 
PROCESSING CONDITIONS ON MICROSTRUCTURE 
AND MECHANICAL PROPERTIES OF SINTERED Si;N, 


G. Wotting and G. Ziegler 


The influence of powder properties and the amount and ratio 
of Y203-Al,03-additions on sintering behaviour, microstruc- 
tural development and mechanical properties was _ in- 
vestigated. The effect of applied pressure was studied by hot 
pressing and hot-isostatic-pressing experiments with powder 
compacts and sintered materials. The results show a strong 
dependence of the densification behaviour on powder pro- 
perties (specific surface area, grain morphology, oxygen and 
carbon content), amount and composition of sintering aids, 
and applied pressure. It was found that microstructure, 
characterized quantitatively by the mean length and the 
aspect ratio of the elogated {-grains, is strongly dependent 
on the amount and viscosity of the secondary phase. The 
mechanical properties, fracture strength and fracture 
toughness, are mainly controlled by the aspect ratio and 
grain size. 
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PREPARATION AND PROPERTIES OF BINARY AND 
TERNARY COMPOSITE SOLIDS IN THE 
CLAY-MICA-GLASS SYSTEM 


M.M.P. Low and P. Fazio 


Binary and ternary composite solids in the clay-mica-glass 
system have been fabricated: by combining both natural mica 
flakes of the phlogopite type and ground powders prepared 
from recycled waste glass, and clay grains and mixtures of 
clay-glass powders, employing a simple sintering process at 
temperatures in the range of 850-1050°C. Results of the 
study showed that these composites have very different 
physical appearance and material characteristics. In the 
glass-mica system, mixtures can be fabricated into com- 
posite solids which exhibit either a porous cellular structure 
or a densified ceramic structure. The mixtures can also be 
fabricated into multilayer structural products consisting of 
both the cellular structure layer and densified structure layer. 
In the clay-mica binary system and in the clay-mica-glass ter- 
nary system, mixtures can be readily fabricated into com- 
posite solids with low density and low thermal conductivity. 
All coposite solids showed excellent insulation properties 
and would contribute to energy conservation when used for 
building envelope design applications. 


KINETIC STUDY OF THE CRYSTALLIZATION OF 
AMORPHOUS - DERIVED CaO-2AlI,-0; 


M. Vallino 


An amorphous-solid with a high degree of homogeneity has 
been prepared which, upon heating for a few hours at 
850°C, gives well crystallized monoclinic CA). The amor- 
phous material transforms into monoclinic CA2 via a phase 
having a y-Al2O; type structure. Isotherms of transformation 
from the 7-Al2O; phase to monoclinic CA2, may be described 
by a first-order equation - In(1-f)=kt; the activation energy 
corresponding to this phase transformation is 112+5 
kcal/mol 


COUNTER COURRENT COMPENSATION OF DOUBLE 
DOPED Pb(Zr,_ ., Ti,)O; PIEZOELECTRIC CERAMICS 


M.M. Abou-Sekkina and Ba-El-Raouf F. Tawfik 


Various compositions of pure Pb(Zr/Ti)O; having Zr/Ti ratio 
ranging from 50/50 up to 58/42 were prepared by the usual 
ceramic technique and firing at 1400°C. The prepared 
materials were single doped with 0.1 wt.% lanthana and dou- 
ple doped with (0.1 wt.% lanthana+0.1 wt.% neodymia). 
Measurements of dielectric properties (constant and 
anisotropy), piezoelectric properties and Young’s modulus 
were conducted as a function of Zr/Ti ratio and type of dop- 
ing. The obtained results were discussed on the bases of the 
effects of varying (Zr/Ti) ratio and single doping with lan- 
thana on forcing of Pb(Zr/Ti)O; normal lattice to a defective 
crystal lattice having high dielectric values. Further lattice 
strain and defects were induced by static stress causing a 
generation of high piezoelectric charges at the surface of the 
specimens. A conclusion had been attained that Pb(Zro.ss, 
Tio.4s)O3 doped with 0.1 wt.% La2O; constitutes the optimum 
composition for attaining a better quality ceramic dielectric 
and piezoelectrics to be used in industry for converting 
mechanical energy (static stress) to electrical energy 
(piezoelectric charges). Thus, it was possible to make use of 
counter doping (compensation phenomenon) to control the 
desired properties and to get rid of the undesired impurities 
in ceramic bodies in industry which would be very profitable 
economically instead of chemical purification or other 
destructive means. 


A COMMENT ON THE EQUILIBRIUM OF 
Si:N; + 3C=3SiC + 2N, 


A. Kato, H. Mizumoto and Y. Fukushige 


Short communication 


STRUCTURE FORMATION IN HEATED CLAY 
DISPERSIONS 


V.V. Minchenko and S.F. Mischenko 


The results of an investigation of structure formation pro- 
cesses in mineral dispersions are given. It is shown that the 
thixotropic phenomenon has an important meaning in the 
strengthening of mineral systems without additional 
pressure. The conditions for achieving optimum structure 
under drying of mineral dispersions were revealed. The 
theological investigations of some minerals under high 
temperature was introduced, and the role of crystalline 
transformations of kaolinite and montmorillonite was shown 
affect the greatest piastic viscosity n,of their dispersions. 


DISPERSION OF BaTiO; POWDERS (PART 1) 
S. Mizuta, M. Parish and H.K. Bowen 


The fundamental properties of BaTiO; dispersions in pure 
organic liquids and water were studied by sediment volume 
and contact angle measurements. The liquid groups includ- 
ed alcohols, aidehydes, acids, esters, ketones, ethers, 
hydrocarbons, and water. Benzaldehyde was found to be the 
best dispersing medium for the commercial BaTiO; powders 
tested. 


HOT-PRESSING OF BORON CARBIDE 
R. Angers and M. Beauvy 


Seven different boron carbide powders were hot-pressed 
between 1775 and 2575 K at pressures from 20.7 to 68.9 
MPa during various times. The influence of temperature, 
pressure, time and heating and cooling rates on densifica- 
tion of these powders and on the microstructure of the hot- 
pressed specimen were studied. It was found that 
temperatures above 2400 K are necessary to obtain fully 
dense boron carbide and that densification is strongly in- 
fluenced by the characteristics of the starting powder. The 
cooling rate has also an effect on the density of hot-pressed 
specimens. 


PRESSURE SINTERING OF AlI,0;-MgO MIXTURES 
UNDER 10 KBARS 


K. Kodaira, S. Teramoto, S. Shimada and T. Matsushita 


Densification of Al,O;-MgO mixtures was performed under 
10 kbars. Theoretically dense translucent ceramics were ob- 
tained at 1000-1300°C for 15-60 wt% MgO and 75-40wt% 
Al20;. Within this composition range, a uniform grain size of 
~0.5um was obtained with the absence of abnormal grain 
growth. Fragmentation and rearrangement of particles take 
place as operative mechanisms in the initial stage of sinter- 


ing. 


DEVELOPMENT OF LIGHT-WEIGHT INSULATING CLAY 
PRODUCTS FROM THE CLAY-SAWDUST-GLASS 
SYSTEM 


N.M.P. Low, P. Fazio and P. Guite 


Employing a simple dry-pressing and sintering process, 
lightweight clay products with various physical, mechanical 
and thermal properties have been fabricated from mixtures 
of maplewood sawdust and local gray burning clay and mix- 
tures of sawdust, clay and soda-lime glass grains prepared 
from recycled waste glass. Studies showed that thermal con- 
ductivity, compressive strength, and cold water absorption of 
the sintered sawdust-clay products are significantly modified 
by the addition of sawdust particles to the clay mixes. 
Studies also showed that portions of the clay particles can be 
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replaced with soda-lime glass grains of similar sizes. These 
light-weight composite clay products have compressive 
Strength in excess of 31 MN/m?, thermal conductivity value 
in the range 0.21-0.39 W/m, °C and water saturation coeffi- 
cient of about 0.72. The fabricated clay products exhibit at- 
tractive characteristics as building materials and could con- 
tribute to energy conservation because of their high thermal 
insulation value. 


THE STRUCTURE AND PROPERTIES OF REFRACTORY 
ZIRCONIA CERAMICS 

ll. APPLIED INVESTIGATIONS 

A Review of Research Works Carried out in the USSR 


E.K. Koehler 


In a previous publication (Ceramics International 10, 1984, 3) 
we considered the fundamental investigations carried out in 
the USSR on the systems containing zirconium dioxide. The 
practical use of ZrO, - based materials required the elabora- 
tion of a number of applied problems important for refractory 
technology and use. These include: the synthesis methods 
of compounds and solid solutions; molding of wares; the in- 
fluence of modifying additions and non-stoichiometry of ox- 
ides on the sintering temperature and crystal growth; 
measures for increasing thermal shock resistance. The 
works in the indicated directions were carried out mainly at 
the ceramic departments of higher technical educational 
schools and industrial research institutes. In reviewing each 
of the above problems we tried to follow the chronological 
order in the publication of papers. 


NARROW SIZE DISTRIBUTION POWDERS FROM 
COMMERCIAL CERAMIC POWDERS 


M. Parish and H.K. Bowen 


Size classification of commercial ceramic powders to obtain 
powders possessing more nearly ideal characteristics (sub- 
micron size, equiaxed, and monodispersed) is presented. A 
powder-liquid dispersion sedimentation technique was used 
to acquire the narrow size distribution, submicron ceramic 
powders. This paper discusses the basic theory and 
methods of the classification techniques with an example 
and variations. 


THE INFLUENCE OF RAW MATERIALS COMPOSITION 
ON THE PROPERTIES OF FIRED CLAY PRODUCTS 


N.N. Kruglitsky, B.M. Datsenko and B.!. Moroz 


One factor controlling formation of ceramic structures is the 
initial mineralogical composition which has a great influence 
on processing and fabrication stages and the properties of 
the product. This paper investigates the relationship bet- 
ween the mineral content of raw compositions and the pro- 
duct properties after thermal treatment. Optimum composi- 
tions have been established for binary and tefnary systems 
of kaolinite, hydromica, montmorillonite and also their 
genetic varieties. The trends have been used to develop new 
ceramic compositions with improved properties. 


DISPERSION OF BaTiO; POWDERS (Part Il) 
S. Mizuta, M. Parish and H.K. Bowen 


Highly concentrated BaTiO; suspensions in benzaldehyde 
were investigated for adaptation toward tape casting. Effects 
of particle concentration, total particle mass, gravitational 
forces, and particle size distribution on sediment density 
were Studied. 


MODE OF TALC ADDITION AND ITS EFFECT ON THE 
PROPERTIES OF CERAMIC BODIES 


E.H. Sallam, S.M. Naga and D.M. Ibrahim 


Raw and precalcined talc were added to feldspar to produce 
low temperature firing mixes. The feldspar content was kept 
constant, 25%, while talc was added in the range from 5 to 
15% at the expence of quartz. Mixes were fired between 
1150° to 1400°C. The results show that there is no signifi- 
cant difference in the properties obtained for the fired bodies 
whether talc is added raw or in a precalcined state. The addi- 
tion of raw talc favoured the formation of cordierite in low- 
addition (5-10%), while addition of precalcined talc favoured 
its formation in high-addition (15%). The mode of talc addi- 
tion affected the form and shape of enstatite and cordierite 
grains developed 


SOME COLOR ASPECTS OF PARIAN BODIES 


M. Hassanein, Wafa |. Abdel-Fattah, K. Nakhla and 
F.A. Nour 


The two coloring oxides, CoO and NiO were included 
separetely in a self-glazed parian body «highly feldspathic 
porcelain» in 5 different concentration between 1 and 10 
wt%. The host body consisted of 75% feldspar and 25% 
kaolin. The mixes were pressed and matured between 
1125°C and 1150°C. The produced colors were characteriz- 
ed visually as well as in reference to the CIE system. The den- 
sification of the blue and green bodies were slightly reduced, 
although higher density values were achieved. This was at- 
tributed to the effect of the Co** or Ni°* dense aluminate or 
silicate. However, their influence was counter balanced by 
the enhanced leucite formation and higher porosity glassy 
phase. Various shades of blue were obtained by introducing 
Co**. Maximum difference in color A E= 12.97 Judds was 
obtained by incorporating 5 wt % and firing at 1125°C while 
a value of 11.69 Judds was obtained upon firing a specimen 
with only 1 wt % at 1150°C. The latter value is comparable to 
that obtained by incorporating 10% of blue stain. Ni-~ pro- 
duced various shades of green with a maximum of A E=5.44 
Judds upon firing a sample with 5 wt % at 1150°C. The 
results are discussed in view of the ligand field theory as well 
as X-ray diffraction analysis. 


EFFECT OF PRECURSOR FREEZE-DRYING 
CONDITIONS ON THE SINTERABILITY OF HYDROXIDE- 
DERIVED Y,.0; POWDERS 


M.D. Rasmussen, M. Akinc and M.F. Berard 


The effect of a variety of precursor freeze-drying treatments 
on the sinterability of Y2O; powders produced by calcination 
of reverse strike hydroxides were investigated. Attempts 
were made to separate the influences of the freezing step 
and the subsequent water removal step. Variations in both 
steps were found to affect ultimate sinterability. Freezing of 
the gelatinous precursor was found to be beneficial, 
regardless of the way in which water was later removed, 
although vacuum removal without remelting led to the most 
sinterable powders. A brief study was made of possible 
benefits to be derived by precipitation of the precursor at pH 
values above that corresponding to the isoelectric point 


MOSSBAUER STUDIES OF THE CORROSION 
REACTIONS IN ARC-FURNACE REFRACTORIES - 
PART | 


C. Saragovi-Badler and C. Puglisi 


The purpose of this paper is to show the kind of information 
that can be obtained from the use of Mdssbauer spec- 
troscopy in the study of corrosion reaction taking place 
between refractories and metallurgical environments 
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Mossbauer spectroscopy provides information concerning 
the local surroundings of iron ions in any solid material, and 
this can be useful in the study of the above mentioned reac- 
tions, considering the important role of iron in them. The pre- 
sent paper describes the wear mechanism of the high- 
alumina roof and the basic magnesia bricks at the slag line of 
an arc-furnace. The analysis of the high alumina bricks in- 
dicate that the chemical reactions taking place in service 
produced mainly calcium ferrite, some cordierite and anor- 
tite. The iron oxide migrating into the brick was partially in- 
corporated by the corundum grains as solid solution and par- 
tially remained as impurified magnetite and hematite. In the 
case of the slag-line magnesia bricks, the main identified 
products are magnesio-ferrite and magnesio-wustite. The 
rest of the iron content is distribuited in the silicate phase 
wich was probably liquid at the service temperature, giving 
rise On cooling to glassy and crystalline silicates. From the 
peaks area of the Mdéssbauer spectra an estimation of the 
iron distribution among the different components can be 
calculated 


MOSSBAUER STUDIES OF THE CORROSION 
REACTIONS IN ARC-FURNACE REFRACTORIES - 
PART Il 


C. Puglisi, F. Labenski and C. Saragovi-Badler 


Mossbauer spectroscopy has been used, together with con- 
ventional techniques, in the study of corrosion reactions tak- 
ing place in service in co-clinkered chrome-magnesite bricks 
from the hot spots of an electric-arc furnace. Co-clinkered 
bricks present a better distribution of spinel phases than con- 
ventional bricks of similar composition. The Mossbauer data 
show that iron uptake took place in service, being incor- 
porated only into the spinel structure. This structure accepts 
considerable substitutional ions, admitting in this case im- 
purities from the slag. Experimental results confirm the 
relative stability of that phase in the presence of migrating 
components of the slag. 


DENSIFICATION OF NONADDITIVE SnO, BY HOT 
ISOSTATIC PRESSING 


S.J. Park, K. Hirota and H. Yamamura 


Short communication 


THERMAL SPRAYING OF CERAMICS 
P. Chagnon and P. Fauchais 


In the last few years, the number of publications dealing with 
ceramic coatings has increased very rapidly. To present an 
overview of this field, a bibliografic review of the thermal 
sprayed ceramics is performed. Investigated and studied 
successively are the thermal spraying techniques (flame, 
plasma and detonation), the sprayed ceramics and the ap- 
plications of these coatings. It appears that plasma spraying 
is the most common technique, that ceramic coatings are 
most often made of the metal oxides and their main applica- 
tion is for wear resistance. 


INFLUENCE OF THE CO, BACK FLUX ON THE 
REACTION MECHANISMS OF BaTiO; FORMATION 
FROM HIGH TiO, CONTENT IN TiO.-BaCO; MIXTURES 


M. Gavoglio and D. Beruto 


The solid state reactions between 18.2% mol BaCO; 
~ 81.8% mol TiO. powders were investigated in the inital 
stage of the process where BaTiO; is the only solid products. 
In Q> (g) environ ment BaTiO; formation occurs in two 
regimes. The first one is characterized by a total apparent 
activation entalphy (AH ~) of 42 kJ/mol+20 kJ/mol. The se- 


cond one is a more activated process with AH* equal to 230 
kJ/mol +25 kJ/mol. In CO> (g) environment and ‘in vacuo’ 
there was only one activated process with a AH" respectively 
equal to 222 kJ/mol+25 kJ/mol and to 20 kJ/mol+10 
kJ/mol. The low activated mechanism is consisted with a 
layered interphase model, while the high activated step re- 
quires a bulk phenomena such as needle-like crystals 
BaTiO; grown from TiO> particles. 


CATION DISTRIBUTION BETWEEN CRISTOBALITE, 
TRIDYMITE, AND COEXISTING GLASS PHASE IN USED 
SILICA BRICKS 


U. Seifert-Kraus and H. Schneider 


The chemical composition of cristobalite, tridymite, glass, 
and accessory phases of different zones of used silica bricks 
taken from the roof of a glass tank was studied with a high 
resolution microprobe. Tridymite and cristobalite contain as 
impurities TiO, (<0.36 wt%), Al,O; (<0.37 wt%), and Na2O 
(<0.27 wt%). Main constituents of the glass phase coex- 
isting with crystalline silica are: SiO2 (74 to 60 wt%), TiO2 (0.4 
to 9 wt%), Al,O; (1 to 5 wt%), Fe2O; (0.3 to 3 wt%), CaO (5 to 
20 wt%), and Na2O (8 to 17 wt%). Temperature curves within 
the bricks during operation of the glass tank have been 
estimated using direct temperature measurement at the hot 
front of the bricks, and the transition temperatures of 
cristobalite to tridymite (~1450°C). and of a- to ~- 
wollastonite (~ 1200°C). Microchemical data and supposed 
temperatures were correlated with the Nernst distribution 
law. The applicability of the Nernst law shows that local 
equilibrium conditions were reached during the use of the 
bricks; they have been preserved during cooling of bricks. 
The results of the Nernst law cation distribution imply that 
structural saturation with Al,O;, TiO., and Na2O was not 
reached in the investigated composition range. Al** is 
believed to substitute Si** at tetrahedral lattice sites. Al’ * 
substitution is favoured with decreasing temperature in rela- 
tion to the Al,O; content in the glass phase. Al’ * >Si** 
substitution produces charge deficiency, which is compen- 
sated by interstitial entry of Na* into structural channels and 
voids of tridymite and cristobalite. Ti* ~ incorporation into the 
Cristobalite and tridymite structures is favoured at higher 
temperatures with respect to the TiO» content of the glass 
phase. The close reciprocal dependence between Al** and 
Ti** in silica may indicate that Ti** is tetrahedrally incor- 
porated as well. 


SYNTHESIS, PROPERTIES AND APPLICATION OF HIGH 
CONDUCTIVE LaCrO;-BASED CERAMIC MATERIALS 


S.T. Song, H.Y. Pan, Z. Wang and B. Yang 


The synthesis of LaCrO; and LaCrO;-based materials by the 
hydrothermal method and in air has been investigated. In 
respect to the synthesized products, the structure and a 
number of physical properties, such as electrical and 
magnetic properties, are discussed. The authors utilized the 
doped LaCrO; material as various «conducting leads» for 
ZrO2-based heating elements to substitute the expensive Pt- 
Rh wire. The working temperature of these elements can be 
up to 2000-2100°C in oxidizing atmosphere. 


ELASTIC/PLASTIC INDENTATION IN CERAMICS: A 
FRACTURE TOUGHNESS DETERMINATION METHOD 


P. Miranzo and J.S. Moya 


An extensive literature survey of the evolution of the indenta- 
tion technique is made. The elastic/plastic solution for the 
spherical cavity expansion is used to obtain a physical ex- 
planation for the quantitative measurement of the radial 
cracks that occur at the indentation impression corners. 
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Finally an expression based on the mentioned theory is 
given. Experimental data from a serie of brittle materials are 
well fitted by this espression. 


SOLID-STATE REACTION OF Cr,0; AND SnO> 
P. Escribano, C. Guillem and J. Alarcon 


Various mixtures of SnO2-Cr2O; and SnO»-K2Cr2O-, were 
subjected to different thermal treatments. The crystalline 
phases in the calcination products have been identified by 
X-ray diffraction. The non-formation of definite compounds 
was also proved by diffuse reflectance: The structural en- 
vironment of the cation Cr(IIl) was also studied. 
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THE STRUCTURE AND PROPERTIES OF REFRACTORY 
ZIRCONIA CERAMICS 

lll. STUDIES OF TECHNICAL PROPERTIES OF 
MATERIALS AND TECHNOLOGICAL ELABORATIONS 


A Review of Research Works Carried out in the USSR 
E.K. Koehler 


The use of zirconia and zirconia-containing materials in the 
various fields of engineering required a study of their ap- 
propriate properties. In the majority of cases the determina- 
tion of these properties were made along with the general 
physical-chemical investigation of zirconia-containing oxide 
systems and related with the phase composition and struc- 
ture of the material. For convenience of comparison of the 
results obtained, the papers have been grouped according to 
their main topics in the following subgroups: (1) thermal pro- 
perties (refractoriness, thermal expansion coefficient, heat 
conduction, thermal shock resistance); (2) chemical proper- 
ties (acid-and alkali resistance, wettability with various melts 
etc.); (3) mechanical properties at room and elevated 
temperatures; (4) electrical properties; (5) evaporation, high- 
temperature erosion; (6) optical, radiation properties, 
coatings etc. The list of references is given in the general 
chronological order of the publication of papers. 


THE USE OF ELECTRICAL CONDUCTIVITY 
MEASUREMENTS TO STUDY SINTERING MECHANISMS 


M. Haviar, Z. Panek and P. SAJGALIK 


A new method for the determination of neck size and for 
assessing the contribution of nondensifying mechanisms to 
the total mass transport during sintering has been 
developed. The method is based on the simultaneous 
measurement of the conductivity and shrinkage of the sinter- 
ing sample. From the conductivity value the instant neck size 
is calculated. The knowledge of the neck size and shrinkage 
enables us to determine the contribution of nondensifying 
mechanisms to the total mass transport during sintering. 


PREPARATION OF BARIUM TITANATE BY OXALATE 
METHOD IN ETHANOL SOLUTION 


H. Yamamura, A. Watanabe, S. Shirasaki, Y. Moriyoshi and 
M. Tanada 


Barium titanyl oxalate was prepared by addition of ethanol 
solution in oxalic acid to barium-titanium mixed aqueous 
solution at room temperature. The influence of various fac- 
tors such as starting reagents, reaction temperature and 
titration rate were investigated. The use of TiCl, or TIO(NO3). 


solution as starting reagents, respectively, produced an 
amorphous or crystalline oxalate regardless the reagent for 
Ba. The crystalline oxalate has a different structure from the 
one reported previously. It may be speculated that this 
originates from the deficiency of water of crystallization. 
Chemical formula of the oxalate obtained in the present 
study could correspond to BaTiO(C204)2-3H20 as indicated 
by TGA experiments. The oxalate, which was prepared by 
use of Ba(NO;)2 and TiO(NO;)2 as starting reagents and by 
low reaction-temperature and rapid titration-rate of ethanol 
solution of oxalic acid to Ba-Ti mixed aqueos solution, con- 
verted to stoichiometric barium titanate having a perovskite- 
type structure with tetragonal symmetry. The barium titanate 
obtained consists of very fine particles of size around 0.3 um 
and shows translucency after hot pressing at 1150°C for 3 hr 
at 600 kg/cm’. 


PREPARATION OF PLZT BY OXALATE METHOD IN 
ETHANOL SOLUTION 


H. Yamamura, M. Tanada, H. Haneda, S. Shirasaki and 
Y. Moriyoshi 


PLZT oxalate was prepared by addition of an ethanol solu- 
tion of oxalic acid to an aqueous solution with Pb, La, Zr, and 
Ti at 30°C. The resulting oxalate had very fine particle size, 
but was usually much agglomerated after filtration. The ag- 
glomerated powders were highly dispersed by washing with 
pure ethanol more than three times, whereby the crystalline 
oxalate was transformed to an amorphous due to the 
removal of water of crystallization by ethanol. This effect was 
confirmed by the TEM observation, and measurement of par- 
ticle size distribution and surface area. The calcined par- 
ticles in the «As-filtered» and the «Washed» oxalates at 
800°C in air was found to be 25 nm and 15 nm respectively 
by TEM. The PLZT powder from the «Washed» sample, 
calcined at 800°C, gave transparent high-quality PLZT after 
hot pressing (600 kg/cm’, 10 hr at 1150°C). 


SYNTHESIS, FORMATION MECHANISMS AND 
POLYMORPHISM OF IRON AND/OR 
ALKALi-SUBSTITUTED CORDIERITES 


Y.H. Kim, J.P. Mercurio and C. Gault 


Iron and/or alkali substituted cordierites with general formula 
X2) (Mgi-x Fex)2 Aly +2 Sis-2901g where X=Li, Na, K, Rb, Cs 
and O<x, y< | have been synthesized either by solid state 
reaction or by glass crystallization. The mechanisms involv- 
ed during the syntheses have been studied as a function of 
composition and experimental conditions. A semiquan- 
titative test for the extent of the hexagonal- orthorhombic 
transformation has been proposed. 


A COMPARISON OF PLASTER CASTING AND 
PRESSURE CASTING OF SANITARYWARE WITH 
PARTICULAR REFERENCE TO CLAY PROPERTIES 


C.S. Hogg 


Sanitaryware Body slips have been prepared using a range 
of ball clays and china clays, and the pressure casting and 
plaster casting properties of these slips were examined as a 
function of their state of deflocculation. Some properties of 
the resulting cast pieces were also investigated. Pressure 
casting was carried out at two pressures, 13.3 and 40 bar 
and at the higher pressure, slip temperatures of 20 and 40°C 
were used. It was confirmed that casting times can be 
substantially reduced by pressure casting compared with 
plaster casting. The ratio of pressure casting time to plaster 
casting time is independant of the ball clay or china clay type 
used in the body, confirming that the parameters controlling 
casting time are the same for both pressure and plaster 
casting. It was also shown that while plaster casting times 
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are significantly influenced by slip thixotropy, pressure 
casting times are almost independant of this parameter. 
Moisture contents of pressure cast pieces were lower than 
those of plaster cast pieces by up to 3 wt% and there was lit- 
tle variation with slip thixotropy. As a result of the decreased 
moisture contents, drying shrinkages of pressure cast pieces 
were reduced. Also as a result of their lower moisture con- 
tents, the stiffness of pressure cast pieces was equivalent to 
or higher than that of plaster cast pieces that had been dried 
for two or three hours, thus allowing the pieces to be 
demoulded immediately after forming. 


OXYGEN PENETRATION INTO SILICON CARBIDE 
CERAMICS DURING OXIDATION 


J.A. Costello and R.E. Tressler 


The penetration of oxygen into polycrystalline silicon carbide 
ceramics, in advance of the oxide/substrate interface, during 
oxidation for 1-100 hrs a 1200-1400°C was studied using 
SIMS and TEM techniques. Fully dense hot pressed 
ceramics containing aluminum additives, with and without 
an oxide grain boundary phase and CVD silicon carbide ex- 
hibited sharp interfaces. Sintered silicon carbides with boron 
and carbon additives (~ 97% dense) and aluminium carbide 
additive (~90% dense) exhibited a region of oxygen 
penetration ~ 10-15 um in depth beneath the oxides scale, 
the depth of which was insensitive to the time and 
temperature of oxidation. The amorphous oxide phase in this 
zone was located at three and four grain junctions but the 
two grain junction were unaffected in this zone by oxidation. 
This oxygen affected region, which is responsible for the 
slow crack growth susceptibility of these ceramics after ox- 
dati ion, results from gaseous oxygen penetration along inter- 
nnected or nearly interconnected pores and oxidation of 
rity laden channels and SiC surfaces. The depth of 
i ration is presumably limited by closure of the channels 
oxidation products 


CONSTITUTION OF CALCINED REFRACTORY-GRADE 
BAUXITES: AN INTERPRETATION 


J. Valle, S. De Aza and S. Castillo 


ned refractory bauxites were studied by ICP, 


nd optical microscopy. Results were interpre- 


— the systems Al2O3-Si02-TiO, and 
-Fe,O;. An equilibrium index was establish- 
asure of degree of calcination. Influence of 
eity on calcined microstructure is discussed. 


PROCESSING OF YTTRIA POWDERS DERIVED FROM 
HYDROXIDE PRECURSORS 


M.D. Rasmussen, M. Akinc and O. Hunter Jr 


alcination and sintering schedules on the final 
density and microstructure of Y20; compacts were 
ptimum calcination procedure appeared to be at 
nd for one hour in air atmosphere. Final sintered 
95% theoretical was achieved around 1450° and 
free (>99% theoretical) pellets were obtained at 
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e hour sintering in vacuum. High heating/cool- 


whe n coupled with high sintering temperature 
disconti nous grain growth and large internal cracks 


HfO.-BASED REFRACTORY COMPOUNDS AND SOLID 
SOLUTIONS 

1. Phase Diagrams of the Systems HfO.-M.O; and 
HfO.-MO 

V.B. Glushkova and M.V. Kravchinskaya 


This paper is a review of works performed mainly in the 
USSR. The purpose of many of these works was the finding 
of new refractory compounds which could create the basis of 


high-refractory materials. The objects of the investigations 
were hafnium dioxide (HfO2) and oxides of alkali-earth and 
rare-earth elements. The phase diagrams for the systems 
HfO>-Ln20; and HfO2-MO are given well as the structures of 
the compounds and solid solutions formed in the systems. 


MICROSTRUCTURAL CHANGES IN HOT-PRESSED 
SALT-LIME BODIES DURING HEATING 


J. Zborowski 


Processes occurring in the ternary CaO-CaCl2-CaCO; on 
heating and their effects on microstructure of salt-lime 
bodies are discussed. Volume and density changes in in- 
vestigated bodies accompanying CaCO; decomposition and 
CaCl, high-temperature transformation were followed to 
1770 K and the distribution of the products of those pro- 
cesses in the microstructure was determined. The behaviour 
of dense, hot-pressed salt-lime bodies on heating is not 
similar to that of pure oxide nor to the previously described 
cold formed salt-lime briquetes. Marked expansion was 
noticed within the range of 870-1170 K in connection with 
CO> evolution. Further disturbance of the sintering process 
was observed at higher temperatures as the result of the 
CaCl, high-temperature transformation. Rather rare SEM 
pictures of secondary CaO which crystallize as the results of 
the forementioned processes are presented. Some remarks 
on the possibilities of modification of the observed salt-lime 
bodies behaviour are presented. 


CORROSION STUDY ON CERAMICS FOR 
CONDUCTANCE MEASUREMENTS OF MOLTEN 
CARBONATES 


S. Tanase, Y. Miyazaki, M. Yanagida and T. Kodama 


In order to find corrosion-resistant materials applicable to a 
conductance cell used in a conductance measurement ap- 
paratus for molten carbonates, several ceramics were ex- 
amined for durability in both hydrochloric acid solution and 
carbonate melt. It was found that beryllia-based ceramics 
and alumina ceramics of high purity exhibited high 
corrosion-resistance against those agents, and could be ap- 
plied in conductance cells. This article gives valuable criteria 
for the application of potential ceramic materials in car- 
bonate melts. 


MECHANICAL PROPERTIES OF (Pb,Ca)TiO; FAMILY 
CERAMICS WITH ZERO PLANAR COUPLING FACTOR 


T. Yamamoto, H. Igarashi and K. Okazaki 


Mechanical properties of (Pb,Ca)TiO; family ceramics were 
measured using a micro-indentation technique and a three 
point bending test. The internal stress was calculated from 
the fracture toughness measurement and the grain size 
dependence of the internal stress was found. In addition, it 
was shown that internal stresses induced by poling were 
compressive and tensile in the directions perpendicular and 
parallel to the poling field, respectively. The magnitude of 
anisotropy in internal stresses was estimated by 110 MN/m?. 
From three point bending test, it was revealed that the 
average failure stress for the poled samples became weaker 
compared to that for the unpoled sample, because of the 
fracture surface by the DC field application. 


HfO.-BASED REFRACTORY COMPOUNDS AND SOLID 
SOLUTIONS 

2. Kinetics and Mechanism of Compound Formation in 
the Systems HfO.-M.0O;(MO) 


V.B. Glushkova and V.A. Krzhizhanovskaya 


In a previous communication we considered the papers 
published in the USSR on studies of phase diagrams for the 
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systems hafnia-alkali-earth oxides and hafnia-rare-earth ox- 
ides. The purpose of many investigations was the prepara- 
tion of new refractory compounds and solid solutions which 
could create the basis for high-refractory materials. In addi- 
tion to the great analogy between binary systems with hafnia 
and zirconia, our interest in hafnium-containing compounds 
was promoted by their higher melting temperatures com- 
pared with those of zirconia-based compounds and by 
several peculiar physico-chemical properties characteristic 
of hafnia-based compounds and solid solutions. It has been 
shown in the HfO2-MO systems, strontium forms the greatest 
number of compounds: SrHfO;, Sr2HfO;, Srs;Hf,O- and 
SrsHf;O10; calcium forms two compounds: CaHfO; and 
CaHf;O,; barium and magnesium each produce one com- 
pound: BaHfO; and Mg>Hf;O:12, respectively. Rare earth ox- 
ides with large ionic radii usually form pyrochlore-type (P) 
compounds of composition Ln2Hf.O-, whereas rare-earth ox- 
ides with small ionic radii combine with hafnia to form wide 
regions of fluorite-like solid solutions. In the region of com- 
positions corresponding to the pyrochlore-type compounds 
rare-earths with the smallest ionic radii (Sc, Yb) form com- 
pounds with rhombohedral structures (R) of the composition 
M,Hf;0,2(M-O;2). Together with the latter, compounds 
M-Oi;.s and M-O;,; were found for gadolinium and erbium 
and M.oO;; and M-O,; for scandium. Most of these com- 
pounds are stable only over a certain temperature range and 
transform into disordered F-type cubic solid solutions at 
elevated temperatures. In addition, there exist limited 
regions of solid solution based on the monoclinic (M) and 
tetragonal (T) modifications of HfO2 as well as on various 
structural modifications (C, B, A, H, X) of rare-earth oxides. 


SOL-GEL DERIVED ALUMINA SUBSTRATES 
J.J. Lannutti and D.E. Clark 


Sol-gel processing may provide an alternative to the current 
tape cast powder method manufacturing alumina substrates. 
The two methods are compared and advantages/disadvan- 
tages are discussed. One potential disadvantage of the sol- 
gel derived alumina substrates has been their brittleness 
after drying. The use of glycerol improves the flexibility of the 


prefired dried gels, making it possible to fabricate a variety of 
shapes through punching, cutting and laminating. 


MICROINDENTATION BEHAVIOUR K;. FACTOR 
DETERMINATION AND MICROSTRUCTURE ANALYSES 
OF SOME Li.O-SiO, GLASS-CERAMIC MATERIALS 


J.Ma Rincon and F. Capel 


Knoop and Vickers microhardnesses as well as Kic values 
obtained from microindentation methods for some Li20-SiO> 
glasses and glass-ceramic materials (26-36 mol% Li2O) have 
been determined. The microhardness values and the inden- 
tation textures as observed by SEM have been discussed 
and related to the microstructure and the percentage of 
crystalline phases present as determined by XRD. 


MAGNESIUM-COBALT (il) - ALUMINIUM SPINELS FOR 
PIGMENTS 


H. Warachim, J. Rzechula and A.Pielak 


Magnesium, cobalt (ll) and aluminium hydroxides 
coprecipitated from a single solution have been sintered at 
400-1200°C for 0.5 to 8 hours. A series of spinels of a 
general formula Mg;-,Co,AlzO, have been obtained. Within 
the entire range of compositions the colour of the products 
sintered above 900°C varied from white to dark blue. The 
formation of these spinels and variation of their colours were 
analyzed in the trichromatic system 


FORMATION OF YAIO; WITH GARNET STRUCTURE 
O. Yamaguchi, K. Matui and K. Shimizu 


Amorphous material, which yields a YAIO; powder, has been 
prepared by the simultaneous hydrolysis of yttrium and 
aluminum alkoxides. A phase with a garnet structure is form- 
ed as an intermediate product. The formation process of 
YAIO; is described. 


